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(57) Abstract: A digital image processing 
technique detects and corrects visual imperfections 
using a reference image. A main image and one 
or more reference images having a temporal and/or 
spatial overlap and/or proximity with the original 
image are captured. Device information, image data 
and/or meta data are analyzed of the one or more 
reference images relating to a defect in the main 
image. The device corrects the defect based on the 
information, image data and/or meta-data to create 
an enhanced version of the main image. 
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FIELD OF THE INVENTION 
The invention relates to enhancement of digital image processing in a 
portable image capture device by use supplementary meta data from 
reference images. 

BACKGROUND 

It is recognized in the present invention that reference images of 
various types can be used advantageously in processing and enhancing 
digital images, particularly when efficiency is desired and/or when various 
defects tend to be present in the images as originally-acquired. In some 
cases, existing techniques can be improved and in other cases, new 
techniques are made available. 

FOREGROUND/BACKGROUND SEPARATION 
For some applications the ability to provide foreground/background 
separation in an image is useful. In US published application 2006/0039690, 
separation based on an analysis of a flash and non-flash version of an image 
is discussed. However, there are situations where flash and non-flash 
versions of an image may not provide sufficient discrimination, e.g. in bright 
sunlight. 

Depth from de-focus is an image processing technique which creates a 
depth map from two or more images with different focal lengths. A summary 
of this technique can be found at: 

http://homepages-inf.ed-ac.uk/rbf/CVonline/LOCAL COPIES/FAVAROI/dfdtut 
oriaUTtml . Favaro is based on a statistical analysis of radiance of two or more 
images - each out of focus - to determine depth of features in an image. 
Favaro is based on knowing that blurring of a pixel corresponds with a given 
Gaussian convolution kernel and so applying an inverse convolution indicates 
the extent of defocus of a pixel and this in turn can be used to construct a 
depth map. Favaro involves a dedicated approach to depth calculation once 
images have been acquired in that a separate radiance map is created for 
each image used in depth calculations. This represents a substantial 
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additional processing overhead compared to the existing image acquisition 
process. 

US published application 2003/0052991 discloses for each of a series 
of images taken at different focus settings, building a contrast map for each 
pixel based on a product of the difference in pixel brightness surrounding a 
pixel. The greater the product of brightness differences, the more likely a 
pixel is considered to be in focus. The image with the greatest contrast levels 
for a pixel is taken to indicate the distance of the pixel from the viewfinder. 
This enables the camera to build a depth map for a scene. The camera 
application then implements a simulated fill flash based on the distance 
information. Here, the contrast map is specifically built representing 
substantial additional processing overhead over the existing image acquisition 
process. 

US published application 2004/0076335 to Epson describes a method 
for low depth of field image segmentation. The Epson technique involves 
some knowledge that sharply focused regions contain high frequency 
components. US published application 2003/0219172 to Philips discloses 
calculating the sharpness of a single image according to the Kurtosis (shape 
of distribution) of its Discrete Cosine Transform (DCT) coefficients. US 
published application 2004/0120598 to Xiao-Fan Feng discloses using DCT 
blocks of a single image to detect blur within the image. The Epson, Philips 
and Feng techniques each involve an analysis of only a single image, and do 
not provide reliable distinctions between foreground and background regions 
of an image. US published application 2003/0091225 describes a creation of 
a depth map from two "stereo" images. It is desired to have an improved 
method of distinguishing between foreground and background regions of a 
digital image. 

IMAGE CLASSIFIERS FOR SCENE ANALYSIS 
Even though human beings have little trouble interpreting images 
semantically, the challenge to do so using artificial intelligence is not that 
straight forward. A few methods are available to those familiar in the art of 
image and pattern recognition that separate images using a learning-based 
descriptor space. Such methods involve a training set and maximization 
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methods of likelihood. Examples of such methods includes the Adatron 
(1989) method as described by Analauf et. al. (see citation below). Other work 
includes scene analysis such as the work by Le Saux Bertrand et al. (2004), 
citation below. 

FACES IN DIGITAL IMAGES 

Face tracking in digital image acquisition devices may be described as 
involving the marking or identification of human faces in a series of images 
such as a video stream or a camera preview. Face tracking can be used to 
indicate to a photographer the locations of faces in an image, thereby 
improving acquisition parameters, or for allowing post processing of the 
images based on some knowledge of the locations of the faces. 

In general, a face tracking system may employ two principle modules: 
(i) a face detection module for locating of new candidate face regions in an 
acquired image or a sequence of images; and (ii) a face tracking module for 
confirming face regions. 

A fast-face detection algorithm is disclosed in US published application 
2002/0102024 to Viola-Jones. In brief, Viola-Jones involves deriving an 
integral image from an acquired image, which is usually an image frame in a 
video stream. Each element of the integral image is calculated as the sum of 
intensities of all points above and to the left of the point in the image. The total 
intensity of any sub-window in an image can then be derived by subtracting 
an integral image value for the top left point of the sub-window from the 
integral image value for the bottom right point of the sub-window. Intensities 
for adjacent sub-windows are compared using particular combinations of 
integral image values from points of the sub-windows. 

According to Viola-Jones, a chain (cascade) of 32 classifiers based on 
rectangular (and increasingly refined) Haar features may be used with the 
integral image by applying the classifiers to a sub-window within the integral 
image. For a complete analysis of an acquired image, this sub-window is 
shifted incrementally across the integral image until the entire image has been 
covered. 

In addition to moving the sub-window across the entire integral image, 
the sub window is also be scaled up or down to cover a range of face sizes. In 
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Viola-Jones, a scaling factor of 1 .25 is used and typically, a range of about 
10-12 different scales is used to cover possible face sizes in an XVGA size 
image. 

The resolution of the integral image may be determined by the smallest 
sized classifier sub-window, i.e. the smallest size face to be detected, as 
larger sized sub-windows can use intermediate points within the integral 
image for their calculations. 

There are a number of variants of the original Viola-Jones algorithm 
described in the literature. These generally employ rectangular, Haar feature 
classifiers and use the integral image techniques of Viola-Jones. 

Even though Viola-Jones is significantly faster than other face 
detectors, it still involves significant computation, e.g., on a Pentium-class 
computer. In a resource-restricted embedded system, such as hand-held 
image acquisition devices, (e.g., including digital cameras, hand-held 
computers or cellular phones equipped with a cameras), it is not generally 
practical to run such a computationally-intensive face detector at real-time 
frame rates for video. From tests within a typical digital camera, it is only 
possible to achieve complete coverage of all 10-12 sub-window scales with a 
3-4 classifier cascade. This allows some level of initial face detection to be 
achieved, but with undesirably high false positive rates. 

Viola and Jones in their paper entitled "Robust Real Time Object 
Detection" as presented in the 2 nd international workshop on Statistical and 
Computational theories of Vision, in Vancouver, Canada, July 31 st , 2001, 
describe a visual object detection framework that is capable of processing 
images extremely rapidly while achieving high detection rates. The paper 
demonstrates a framework for the task of face detection. The described 
technique is based on a learning algorithm where a small number of critical 
visual features yield a set of classifiers. 

In US published application 2005/0147278 by Rui et al., a system is 
described for automatic detection and tracking of multiple individuals using 
multiple cues. Rui et al. disclose using Viola-Jones as a fast face detector. 
However, in order to avoid the processing overhead of Viola-Jones, Rui et al. 
instead disclose using an auto-initialization module which uses a combination 
of motion, audio and fast face detection to detect new faces in the frame of a 
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video sequence. The remainder of the system employs well-known face 
tracking methods to follow existing or newly discovered candidate face 
regions from frame to frame. It is also noted that the Rui et al. technique 
involves some video frames being dropped in order to run a complete face 
detection process. 

Yang et al., in IEEE Transactions on Pattern Analysis and Machine 
Intelligence, Vol. 24, No. 1, pages 34-58 (January 2002), have provided a 
useful and comprehensive review of face detection techniques. These authors 
discuss various methods of face detection which may be divided into four 
main categories: (i) knowledge-based methods; (ii) feature-invariant 
approaches, including the identification of facial features, texture and skin 
color; (iii) template matching methods, both fixed and deformable and (iv) 
appearance-based methods, including eigenface techniques, statistical 
distribution-based methods and neural network approaches. They also 
discuss a number of main applications for face detection technology. It is 
recognized in the present invention that none of these references describe 
detection and knowledge of faces in images to create and/or use tools for the 
enhancement and/or correction of images in accordance with the present 
invention and the several preferred and alternative embodiment set forth 
below, and particularly to using reference images, such as preview or 
postview images these enhancements and/or corrections. 

Baluja in 1997 (see citations below) described methods of extending 
upright, frontal templates based on a face detection system to efficiently 
handle in-plane rotations, thus achieving a rotation invariant face detection 
system. 

It is recognized that human faces are perhaps the most photographed 
subject matter for the amateur and professional photographer. Thus it is 
possible to assume a high starting percentage for algorithms based on the 
existence of faces in them. 

ORIENTATION 

The camera is usually held horizontally or vertically, counter-clockwise 
or clockwise in relation to the horizontal position when the picture is taken, 
creating what is referred to as landscape mode or portrait mode, respectively. 
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Thus most images are taken in either one of the three orientations, namely 
landscape, clockwise portrait and counter-clockwise portrait. When viewing 
images, it is preferable to determine ahead of time the orientation of the 
camera at acquisition, thus eliminating a step of rotating the image and 
automatically orienting the image. The system may try to determine if the 
image was shot horizontally, which is also referred to as landscape format, 
where the width is larger than the height of an image, or vertically, also 
referred to as portrait mode, where the height of the image is larger than the 
width. 

Techniques may be used to determine an orientation of an image. 
Primarily these techniques include either recording the camera orientation at 
an acquisition time using an in-camera mechanical indicator or attempting to 
analyze image content post-acquisition. In-camera methods, although 
providing precision, use additional hardware and sometimes movable 
hardware components which can increase the price of the camera and add a 
potential maintenance challenge. However, post-acquisition analysis may not 
generally provide sufficient precision. Knowledge of location, size and 
orientation of faces in a photograph, a computerized system can offer 
powerful automatic tools to enhance and correct such images or to provide 
options for enhancing and correcting images. 

FACE RECOGNITION AS A FUNCTION OF ORIENTATION 
The human visual system is very sensitive to the orientation of faces. 
As a matter of fact, the way the human mind stores faces is different for 
upright and inverted faces, as described in Endo in 1982 (see citation below). 
In particular, recognition of inverted faces is known to be a difficult perceptual 
task. While the human visual system performs well in recognizing different 
faces, performing the same task with inverted faces is significantly worse. 
Such results were illustrated for example by Moses in 1994 (see citation 
below), where face memory and face recognition is determined to be highly 
orientation dependent. A detailed review of face recognition of inverted faces 
was made available by Valentine in 1988 (see citation below). 



8 



WO 2008/157792 



PCT/US2008/067746 



It is therefore only natural that artificial intelligence detection 
algorithms based on face-related classifiers may have the same features of 
being orientation-variant. 

Cameras are becoming strong computation tools. In particular, 
FotoNation Vision, Inc., assignee of the present application, has developed 
many advantageous face detection tools. Some of these are described at 
United States patent applications serial nos. 10/608,776, 10/608,810, 
10/764,339, 10/919,226, 11/182,718, and 1 1/027,001 , which are hereby 
incorporated by reference. 

It is desired to have a smart system for disqualifying unsatisfactory 
images, particularly of faces, and/or that alerts a photographer to take another 
picture due to poor quality of a previous picture. It is also desired to do so 
without using a trigger to take a picture, nor waiting for an event that may or 
may not happen (e.g. a smile). United States patent no. 6,301 ,440 discloses 
adjusting image capture parameters based on analysis of temporary images, 
and awaiting taking a picture until everyone in the temporary images is 
smiling. The camera must await a certain event that may or may not ever 
happen. It is many times not acceptable to make people wait for the camera 
to decide that a scene is optimal before taking a picture, and there is no 
description in the '440 patent that would alleviate such dilemma. The '440 
patent also provides no guidance as to how to detect or determine certain 
features within a scene. There are also security cameras that take pictures 
when a subject enters the view of the camera. However, these generally only 
detect motion or abrupt changes in what is generally a stagnant scene. 

CORRECTION OF RED-EYE DEFECTS 
Redeye is the appearance of an unnatural reddish coloration of the 
pupils of a person appearing in an image captured by a camera with flash 
illumination. Red-eye is caused by light from the flash reflecting off blood 
vessels in a person's retina and returning to the camera. 

A large number of image processing techniques have been proposed to 
detect and correct redeye in color images. In general, these techniques may 
be characterized as either semi-automatic or automatic. Semi-automatic red- 
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eye detection techniques rely on human input. For example, in some semi- 
automatic red-eye reduction systems, a user manually identifies to the system 
the areas of an image containing red-eye before the defects can be corrected. 

An automatic red-eye reduction system may rely on a preliminary 
detection of any faces in an image before red-eye areas are detected. One 
automatic approach may involve detecting faces in an image and, 
subsequently, detecting eyes within each detected face. After the eyes are 
located, red-eye is identified based on shape, coloration, and/or brightness of 
image areas corresponding to the detected eye locations. In general, face 
detection-based automatic red-eye reduction techniques have high 
computation and memory resource requirements. In addition, most of the face 
detection algorithms are only able to detect faces that are oriented in an 
upright frontal view. These approaches generally do not detect faces that are 
rotated in-plane or out-of-plane with respect to the image plane. 

United States patent 6,407,777, having inventor DeLuca and assignee 
Fotonation, discloses in-camera detection and correction of redeye pixels in 
an acquired digital image, while US published patent application 
2002/0176623 to inventor Steinberg discloses automated real-time detection 
and correction of redeye defects optimized for handheld devices (see also US 
applications serial nos. 10/919,226, filed August 16, 2004, 10/772,092, filed 
February 4, 2004, 10/773,092, filed February 4, 2004, and 10/635,918, filed 
August 5, 2003). US published patent applications 2005/0047655 and 
2005/0047656 to Luo et al disclose techniques for detecting and correcting 
redeye in a digital image and in embedded systems, respectively. 

Within an image acquisition subsystem such as is embodied in typical 
digital cameras, a peak computing load and resource requirements occur 
around the time of image acquisition. Upon receiving an image acquisition 
request from the user the main embedded processing system refines the 
image focus and exposure to achieve an optimal main acquired image. This 
image, in turn, is off-loaded from the main optical sensor of the camera and 
subjected to further image processing to convert it from its raw format (e.g. 
Bayer) to a conventional color space such as RGB or YCC. Finally, the 
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acquired image is compressed prior to saving it on a removable storage 
medium such as a compact flash or multimedia card. 

The time taken by the camera to recover from the acquisition of a first 
image and reinitialize itself to capture a second image is referred to as the 
"click-to-click" time. This parameter is used in the comparison and marketing 
of modern digital cameras. It is desired for manufacturers to minimize this 
"click-to-click" time. Thus, it is desired that any additional image processing, 
such as redeye filtering, which is to be added to the main image acquisition 
chain should be highly optimized for speed of execution in order to minimize 
its impact on the click-to-click time of the main system. Such a redeye filter 
typically compromises its overall performance in terms of accuracy of 
detection of redeye defects and quality of image correction. 

An alternative would be to wait until after the main image has been 
acquired and perform the redeye filtering at a later time when the camera may 
execute the filter as a background process, or to perform the redeye filtering 
off-camera on a desktop PC or printer. There can be drawbacks to this 
alternative approach, though. First, images are displayed on the acquiring 
device, immediately after acquisition, with uncorrected redeye defects. 
Second, when images are accessed in playback mode, there is a further 
delay while images are post-processed before an image can be displayed. 
Both drawbacks would create a negative impression on end users. 

Further, as most digital cameras store images using lossy compression 
techniques there can be additional disadvantages with respect to image 
quality as images are decompressed and recompressed in order to perform 
redeye detection and correction processes in playback or background modes. 
Such loss of image quality may not become apparent until later when a user 
wishes to print an image and it is too late to reverse the process. 

If redeye processing is delayed until the images are loaded onto 
another device, such as a desktop PC or printer, there can be further 
disadvantages. First, meta-data relating to the acquiring device and its state 
at the time the image was acquired may not be available to the redeye filter 
process. Second, this post-processing device performs redeye filtering on the 
entire image; so that for an embedded device such as a printer that may be 
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relatively constrained in terms of CPU cycles and processing resources for its 
primary post-processing activity, it would be desirable to optimize the 
performance of the full redeye filter. It is generally desired to optimize the 
detection of red-eye defects in digital images for embedded image acquisition 
and processing systems. 

Most algorithms that involve image analysis and classification, are 
statistical in nature. It is therefore desired to develop tools which will improve 
the probability of successful detection, while reducing the probability of false 
detection, while maintaining optimal execution, especially in limited 
computational devices such as in handheld or otherwise portable digital 
cameras. In many cases, knowledge of image characteristics such as image 
quality may affect the design parameters and decisions the detection and 
correction software uses. For example an image with suboptimal exposure 
may deteriorate the overall detection of red-eye defects. It is desired to have 
a method of improving a success rate of efficient algorithms for detecting and 
reducing red-eye phenomenon by utilizing information, meta-data and/or 
image data from reference images. 

CORRECTION OF DUST DEFECTS 
A map of defects caused by dust particles present in optical elements 
of a digital image acquisition device may be generated, and used in 
processing images captured by the device. For example, Figure 1 of US 
published patent application no. 2003/0193604 to Robins illustrates a set of 
LEDs 38 or 38a disposed within camera lens elements 42, 44, 46 and, with 
the lens cover 36, 36a in place, lighting the LEDs and acquiring a calibration 
image from the camera sensor to detect contamination of the camera lens 
elements. In addition, published PCT application no. PCT/EP2004/010199, 
which is assigned to Fotonation and corresponding to one or more of seven 
sequentially numbered U.S. published applications nos. 2005/0068446 
through '68452, and 2005/0078173 disclose building a statistical dust map 
based on information derived from one or more images acquired by a camera. 
While working with camera companies, there is a constant complaint about 
ORBS which are undesirable artefacts in images. Scientifically they are 
reflections of water or dust particles. As to correction, Kodak has worked on 
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detection and correction of defective-colored eyes (thus, round shapes). For 
example, US Patent 7,035,462 describes an apparatus and method for 
processing digital images having eye color defects. The correction of 
artefacts is also approached at US Patent 7,031 ,548, which describes a 
method and apparatus for filtering noise from a digital image. US Patent 
6,614,946 discloses a system and method for correcting defects in digital 
images through selective fill-in from surrounding areas. US patent no. 
6,160,923 also relates to this issue. It is desired to provide an efficient, quality 
dust or orb artifact correction technique for a hand-held or otherwise portable 
or spatial or temporal performance-based image capture device 

SUMMARY OF THE INVENTION 

A hand-held or otherwise portable or spatial or temporal performance- 
based image capture device is provided. The device includes one or more 
lenses, one or more apertures and one or more sensors for capturing a main 
image and one or more reference images. The capturing of the one or more 
reference images has a temporal or spatial overlap or proximity or 
combinations thereof, with the capturing of the main image. The device also 
includes a processor and one or more processor-readable media having 
embedded code therein for programming the processor to perform a digital 
image processing method. The method includes analyzing on the device the 
one or more reference images for enhancing the main image. 

A further hand-held or otherwise portable or spatial or temporal performance- 
based image capture device is provided. The device includes one or more 
lenses, one or more apertures and one or more sensors for capturing a main 
image and one or more reference images. The capturing of the one or more 
reference images has a temporal or spatial overlap or proximity or 
combinations thereof, with the capturing of the main image. The one or more 
reference images are captured using one or more different capture 
parameters than the main image. The device also includes a processor and 
one or more processor-readable media having embedded code therein for 
programming the processor to perform a digital image processing method that 
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includes analyzing on the device the one or more reference images for 
enhancing the main image. The one or more different capture parameters 
may include include exposure time, dynamic range, contrast, sharpness, color 
balance, and/or white balance. 

A further hand-held or otherwise portable or spatial or temporal performance- 
based image capture device is provided. The device includes one or more 
lenses, one or more apertures and one or more sensors for capturing a main 
image and one or more reference images. The capturing of the one or more 
reference images has a temporal or spatial overlap or proximity or 
combinations thereof, with the capturing of the main image. The main image 
is captured using a primary optical system while the one or more reference 
images is/are captured using a secondary optical system differing from the 
primary optical system in focal length, depth of field, depth of focus, exit pupil, 
entry pupil, aperture, lens coating and/or other optical parameter of a 
designed lens. The device also includes a processor and one or more 
processor-readable media having embedded code therein for programming 
the processor to perform a digital image processing method including 
analyzing on the device the one or more reference images for enhancing the 
main image. 

Another hand-held or otherwise portable or spatial or temporal 
performance-based image capture device is provided. The device includes 
one or more lenses, one or more apertures and one or more sensors for 
capturing a main image and one or more reference images. The capturing of 
the one or more reference images has a temporal or spatial overlap or 
proximity or combinations thereof with the capturing of the main image. The 
one or more reference images include at least one image having only one or 
more sub-component features of an overall scene captured in the main 
image. The device also includes a processor and one or more processor- 
readable media having embedded code therein for programming a processor 
to perform a digital image processing method including analyzing on the 
device the one or more reference images for enhancing the main image. The 
one or more sub-component features may include a center of the overall 
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scene captured in the main image, and/or a face, faces, and/or region or 
regions of a face or faces captured in the main image, and/or a foreground 
region of the overall scene captured in the main image. 

In any of these devices, one or more defects or other sub-optimal 
characteristics in the main image may be corrected on the device based on 
the analyzing of the one or more reference images to create a modified image 
comprising an enhanced version of the original main image. 

Another hand-held or otherwise portable or spatial or temporal performance- 
based image capture device is provided. The device includes one or more 
lenses, one or more apertures and one or more sensors for capturing a main 
image and one or more reference images. The capturing of the one or more 
reference images has a temporal or spatial overlap or proximity or 
combinations thereof with the capturing of the main image. The device also 
includes a processor and one or more processor-readable media having code 
embedded therein for programming the processor to perform a digital image 
processing method that includes storing the one or more reference images 
with main image data for post-processing enhancement of the main image. 
One or more defects or other sub-optimal characteristics in the main image 
are corrected based on analyzing the one or more reference images to create 
a modified image comprising an enhanced version of the main image. 

In any of the devices, the one or more reference images may include a 
reference image including an eye region. The method may include replacing 
a corresponding eye region of the main image with the eye region of the 
reference image. The replaced eye region in the main image may be 
determined to be closed or semi-closed. The reference image that include the 
eye region is captured a fraction of a second before or after a blinking action. 

The one or more reference images may include data of a region of interest 
(ROI) at a same or higher resolution as the main image. The ROI may 
include an eye region that may be captured a fraction of a second before or 
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after a blink appearing in the main image. The ROI may also include a mouth 
region that may be determined to have a better smile than a corresponding 
mouth region in the main image. The mouth region in the main image may be 
replaced with the mouth region of the one or more reference images. The 
mouth region of the one or more reference images may be captured a fraction 
of a second before or after the main image. 

The modified image and/or a further processed version thereof is displayed, 
printed, transmitted, and/or stored. The correcting on the device of the one or 
more defects or other sub-optimal characteristics of the main image based on 
the analyzing of the one or more reference images produces at the device an 
enhanced main image from an original image in real-time with spatial 
economy and performance efficiency. 

The main image and a reference image may include flash and non-flash 
versions of a substantially same scene. The main image may be segmented 
into foreground and background regions. One of the foreground and 
background regions is modified based on the one or more reference images 
while the other of the foreground and background regions is not modified. 

A region containing a face may be detected within the main image. The face 
region may be modified based on the analyzing of the one or more reference 
images. The modifying may include correcting a red-eye defect within the 
face region of the main image. The method may include correcting a blink 
and/or changing a facial expression within the face region of the main image. 

The method may include correcting a blur defect in the main image based on 
the analyzing of the one or more reference images. The blur defect may 
include a blur defect caused by incorrect depth of field. The blur defect may 
include a blur defect caused by motion during image capture. 

A reference image may include a hi-speed version to freeze motion of a 
substantially same scene as captured in the main image. 
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A reference image may include an infra-red version of substantially the same 
scene to enhance heat emitting objects in the frame. 

The main image and a reference image may have different focal distances. 

The one or more reference images may include multiple images organized as 
a video clip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a camera apparatus operating in 
accordance with certain embodiments. 

Figure 2 shows the workflow of a method according to certain 
embodiments. 

Figure 3 illustrates a foreground/background map for a portrait image. 

Figure 4 is a flow diagram that illustrates a main orientation workflow 
based on rotation of a digital image that includes one or more faces. 

Figure 5 is a flow diagram that illustrates a main orientation workflow 
based on rotation of classifiers relative to an orientation of a digital image that 
includes one or more faces. 

Figure 6 illustrates the workflow of the initial stage of a camera motion 
blur reducing means using preview data according to certain embodiments. 

Figures 7A-7B are workflows illustrating further embodiments. 

Figures 8, 9, and 10 are motion diagrams which assist in the 
understanding of the previous embodiment. 

Figure 1 1 illustrates a functional implementation of modified redeye 
filtering process according to another embodiment. 

Figure 12 illustrates a redeye filter chain of a red eye detection system 
in accordance with another embodiment. 

Figure 13 illustrates a method of predicting a blinking completion time 
interval in accordance with a preferred embodiment. 

Figure 14 illustrates a method of determining a degree to which an eye 
is open or shut in accordance with another embodiment. 
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Figure 15 illustrates a method of assembling a combination image in 
accordance with another embodiment. 

Figure 16 illustrates a generic workflow of utilizing eye information in an 
image to delay image acquisition in accordance with another embodiment. 

Figure 17 illustrates a generic workflow of utilizing face information in a 
single or a plurality of images to adjust the image rendering parameters prior 
to outputting the image in accordance with another embodiment. 

Figure 18 illustrates face, eye or mouth detection, or combinations 
thereof, in accordance with one or more further embodiments. 

Figure 19 is a block diagram illustrating the principle components of an 
image processing apparatus according to a preferred embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Several embodiments are described herein that use information 
obtained from reference images for processing a main image. That is, the 
data that are used to process the main image come at least not solely from 
the image itself, but instead or also from one or more separate "reference" 
images. 

REFERENCE IMAGE 

Reference images provide supplemental meta data, and in particular 
supplemental visual data to an acquired image, or main image. The reference 
image can be a single instance, or in general, a collection of one or more 
images varying from each other. The so-defined reference image(s) provides 
additional information that may not be available as part of the main image. 

Example of a spatial collection may be multiple sensors all located in 
different positions relative to each other. Example of temporal distribution can 
be a video stream. 

The reference image differs from the main captured image, and the 
multiple reference images differ from each other in various potential manners 
which can be based on one or combination of permutations in time 
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(temporal), position (spatial) , optical characteristics, resolution, and spectral 
response, among other parameters. 

One example is temporal disparity. In this case, the reference image is 
captured before and/or after the main captured image, and preferably just 
before and/or just after the main image. Examples may include preview video, 
a pre-exposed image, and a post-exposed image. In certain embodiments, 
such reference image uses the same optical system as the acquired image, 
while in other embodiments, wholly different optical systems or optical 
systems that use one or more different optical components such as a lens, an 
optical detector and/or a program component. 

Alternatively, a reference image may differ in the location of secondary 
sensor or sensors, thus providing spatial disparity. The images may be taken 
simultaneously or proximate to or in temporal overlap with a main image. In 
this case, the reference image may be captured using a separate sensor 
located away from the main image sensor. The system may use a separate 
optical system, or via some splitting of a single optical system into a plurality 
of sensors or a plurality of sub-pixels of a same sensor. As digital optical 
systems become smaller dual or multi sensor capture devices will become 
more ubiquitous. Some added registration and/or calibration may be typically 
involved when two optical systems are used. 

Alternatively, one or more reference images may also be captured 
using different spectral responses and/or exposure settings. One example 
includes an infra red sensor to supplement a normal sensor or a sensor that is 
calibrated to enhance specific ranges of the spectral response such as skin 
tone, highlights or shadows. 

Alternatively, one or more reference images may also be captured 
using different capture parameters such as exposure time, dynamic range, 
contrast, sharpness, color balance, white balance or combinations thereof 
based on any image parameters the camera can manipulate. 

Alternatively, one or more reference images may also be captured 
using a secondary optical system with a differing focal length, depth of field, 
depth of focus, exit pupil, entry pupil, aperture, or lens coating, or 
combinations thereof based on any optical parameters of a designed lens. 
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Alternatively, one or more reference images may also capture a portion 
of the final image in conjunction with other differentials. Such example may 
include capturing a reference image that includes only the center of the final 
image, or capturing only the region of faces from the final image. This allows 
saving capture time and space while keeping as reference important 
information that may be useful at a later stage. 

Reference images may also be captured using varying attributes as 
defined herein of nominally the same scene recorded onto different parts of a 
same physical sensor. As an example, one optical subsystem focuses the 
scene image onto a small area of the sensor, while a second optical 
subsystem focuses the scene image, e.g., the main image, onto a much 
larger area of the sensor. This has the advantage that it involves only one 
sensor and one post-processing section, although the two independently 
acquired scene images will be processed separately, i.e., by accessing the 
different parts of the sensor array. This approach has another advantage, 
which is that a preview optical system may be configured so it can change its 
focal point slightly, and during a capture process, a sequence of preview 
images may be captured by moving an optical focus to different parts of the 
sensor. Thus, multiple preview images may be captured while a single main 
image is captured. An advantageous application of this embodiment would be 
motion analysis. 

Getting data from a reference image in a preview or postview process 
is akin to obtaining meta data rather than the image-processing that is 
performed using the meta data. That is, the data used for processing a main 
image, e.g., to enhance its quality, is gathered from one or more preview or 
postview images, while the primary source of image data is contained within 
the main image itself. This preview or postview information can be useful as 
clues for capturing and/or processing the main image, whether it is desired to 
perform red-eye detection and correction, face tracking, motion blur 
processing, dust artefact correction, illumination or resolution enhancement, 
image quality determination, foreground/background segmentation, and/or 
another image enhancement processing technique. The reference image or 
images may be saved as part of the image header for post processing in the 
capture device, or alternatively after the data is transferred on to an external 
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computation device. In some cases, the reference image may only be used if 
the post processing software determines that there is missing data, damaged 
data or need to replace portions of the data. 

In order to maintain storage and computation efficiency, the reference 
image may also be saved as a differential of the final image. Example may 
include a differential compression or removal of all portions that are identical 
or that can be extracted from the final image. 

CORRECTING EYE DEFECTS 
In one example involving red-eye correction, a face detection process 
may first find faces, find eyes in a face, and check if the pupils are red, and if 
red pupils are found, then the red color pupils are corrected, e.g., by changing 
their color to black. Another red-eye process may involve first finding red in a 
digital image, checking whether the red pixels are contained in a face, and 
checking whether the red pixels are in the pupil of an eye. Depending on the 
quality of face detection available, one or the other of these may be preferred. 
Either of these may be performed using one or more preview or postview 
images, or otherwise using a reference image, rather than or in combination 
with, checking the main image itself. A red-eye filter may be based on use of 
acquired preview, postview or other reference image or images, and can 
determine whether a region may have been red prior to applying a flash. 

Another known problem involves involuntary blinking. In this case, the 
post processing may determine that the subject's eyes were closed or semi 
closed. If there exists a reference image that was captured time-wise either a 
fraction of a second before or after such blinking, the region of the eyes from 
the reference image can replace the blinking eye portion of the final image. 

In some cases as defined above, the camera may store as the 
reference image only high resolution data of the Region of Interest (ROI) that 
includes the eye locations to offer such retouching. 

FACE TOOLS 

Multiple reference images may be used, for example, in a face 
detection process, e.g., a selected group of preview images may be used. By 
having multiple images to choose from, the process is more likely to have a 
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more optimal reference image to operate with. In addition, a face tracking 
process generally utilizes two or more images anyway, beginning with the 
detection of a face in at least one of the images. This provides an enhanced 
sense of confidence that the process provides accurate face detection and 
location results. 

Moreover, a perfect image of a face may be captured in a reference 
image, while a main image may include an occluded profile or some other 
less than optimal feature. By using the reference image, the person whose 
profile is occluded may be identified and even have her head rotated and 
unblocked using reference image data before or after taking the picture. This 
can involve upsampling and aligning a portion of the reference image, or just 
using information as to color, shape, luminance, etc., determined from the 
reference image. A correct exposure on a region of interest or ROI may be 
extrapolated using the reference image. The reference image may include a 
lower resolution or even subsampled resolution version of the main image or 
another image of substantially a same scene as the main image. 

Meta data that is extracted from one or more reference images may be 
advantageously used in processes involving face detection, face tracking, red- 
eye, dust or other unwanted image artefact detection and/or correction, or 
other image quality assessment and/or enhancement process. In this way, 
meta data, e.g., coordinates and/or other characteristics of detected faces, 
may be derived from one or more reference images and used for main image 
quality enhancement without actually looking for faces in the main image. 

A reference image may also be used to include multiple emotions of a 
single subject into a single object. Such emotions may be used to create more 
comprehensive data of the person, such as smile, frown, wink, and/or blink. 
Alternatively, such data may also be used to post process editing where the 
various emotions can be cut-and-pasted to replace between the captured and 
the reference image. An example may include switching between a smile to a 
sincere look based on the same image. 

Finally, the reference image may be used for creating a three- 
dimensional representation of the image which can allow rotating subjects or 
the creation of three dimensional representations of the scene such as 
holographic imaging or lenticular imaging. 
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MOTION CORRECTION 
A reference image may include an image that differs from a main 
image in that it may have been captured at a different time before or after the 
main image. The reference image may have spatial differences such as 
movements of a subject or other object in a scene, and/or there may be a 
global movement of the camera itself. The reference image may, preferably 
in many cases, have lower resolution than the main image, thus saving 
valuable processing time, bytes, bitrate and/or memory, and there may be 
applications wherein a higher resolution reference image may be useful, and 
reference images may have a same resolution as the main image. The 
reference image may differ from the main image in a planar sense, e.g., the 
reference image can be infrared or Gray Scale, or include a two bit per color 
scheme, while the main image may be a full color image. Other parameters 
may differ such as illumination, while generally the reference image, to be 
useful, would typically have some common overlap with the main image, e.g., 
the reference image may be of at least a similar scene as the main image, 
and/or may be captured at least somewhat closely in time with the main 
image. 

Some cameras (e.g., the Kodak V570, see 
http://www.dcviews.com/_kodak/v570.htm) have a pair of CCDs, which may 
have been designed to solve the problem of having a single zoom lens. A 
reference image can be captured at one CCD while the main image is being 
simultaneously captured with the second CCD, or two portions of a same 
CCD may be used for this purpose. In this case, the reference image is 
neither a preview nor a postview image, yet the reference image is a different 
image than the main image, and has some temporal or spatial overlap, 
connection or proximity with the main image. A same or different optical 
system may be used, e.g., lens, aperture, shutter, etc., while again this would 
typically involve some additional calibration. Such dual mode system may 
include a IR sensor, enhanced dynamic range, and/or special filters that may 
assist in various algorithms or processes. 

In the context of blurring processes, i.e., either removing camera 
motion blur or adding blur to background sections of images, a blurred image 
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may be used in combination with a non-blurred image to produce a final 
image having a non-blurred foreground and a blurred background. Both 
images may be deemed reference images which are each partly used to form 
a main final image, or one may be deemed a reference image having a 
portion combined into a main image. If two sensors are used, one could save 
a blurred image at the same time that the other takes a sharp image, while if 
only a single sensor is used, then the same sensor could take a blurred image 
followed by taking a sharp image, or vice-versa. A map of systematic dust 
artefact regions may be acquired using one or more reference images. 

Reference images may also be used to disqualify or supplement 
images which have with unsatisfactory features such as faces with blinks, 
occlusions, or frowns. 

FOREGROUND/BACKGROUND PROCESSING 
A method is provided for distinguishing between foreground and 
background regions of a digital image of a scene. The method includes 
capturing first and second images of nominally the same scene and storing 
the captured images in DCT-coded format. These images may include a 
main image and a reference image, and/or simply first and second images 
either of which images may comprise the main image. The first image may be 
taken with the foreground more in focus than the background, while the 
second image may be taken with the background more in focus than the 
foreground. Regions of the first image may be assigned as foreground or 
background according to whether the sum of selected high order DCT 
coefficients decreases or increases for equivalent regions of the second 
image. In accordance with the assigning, one or more processed images 
based on the first image or the second image, or both, are rendered at a 
digital rendering device, display or printer, or combinations thereof. 

This method lends itself to efficient in-camera implementation due to 
the relatively less-complex nature of calculations utilized to perform the task. 

In the present context, respective regions of two images of nominally 
the same scene are said to be equivalent if, in the case where the two images 
have the same resolution, the two regions correspond to substantially the 
same part of the scene. If, in the case where one image has a greater 
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resolution than the other image, the part of the scene corresponding to the 
region of the higher resolution image is substantially wholly contained within 
the part of the scene corresponding to the region of the lower resolution 
image. Preferably, the two images are brought to the same resolution by sub- 
sampling the higher resolution image or upsampling the lower resolution 
image, or a combination thereof. The two images are preferably also aligned, 
sized or other process to bring them to overlapping as to whatsoever relevant 
parameters for matching. 

Even after subsampling, upsampling and/or alignment, the two images 
may not be identical to each other due to slight camera movement or 
movement of subjects and/or objects within the scene. An additional stage of 
registering the two images may be utilized. 

Where the first and second images are captured by a digital camera, 
the first image may be a relatively high resolution image, and the second 
image may be a relatively low resolution pre- or post-view version of the first 
image. 

While the image is captured by a digital camera, the processing may be done 
in the camera as post processing, or externally in a separate device such as a 
personal computer or a server computer. In such case, both images can be 
stored. In the former embodiment, two DCT-coded images can be stored in 
volatile memory in the camera for as long as they are being used for 
foreground/background segmentation and final image production. In the latter 
embodiment, both images may be preferably stored in non-volatile memory. 
In the case of lower resolution pre-or-post view images, the lower resolution 
image may be stored as part of the file header of the higher resolution image. 

In some cases only selected regions of the image are stored as two 
separated regions. Such cases include foreground regions that may surround 
faces in the picture. In one embodiment, if it is known that the images contain 
a face, as determined, for example, by a face detection algorithm, processing 
can be performed just on the region including and surrounding the face to 
increase the accuracy of delimiting the face from the background. 

Inherent frequency information as to DCT blocks is used to provide and 
take the sum of high order DCT coefficients for a DCT block as an indicator of 
whether a block is in focus or not. Blocks whose high order frequency 
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coefficients drop when the main subject moves out of focus are taken to be 
foreground with the remaining blocks representing background or border 
areas. Since the image acquisition and storage process in a digital camera 
typically codes captured images in DCT format as an intermediate step of the 
process, the method can be implemented in such cameras without substantial 
additional processing. 

This technique is useful in cases where differentiation created by 
camera flash, as described in US Application No. 1 1/217,788, published as 
2006/0039690, incorporated by reference (see also US 11/421,027) may not 
be sufficient. The two techniques may also be advantageously combined to 
supplement one another. 

Methods are provided that lend themselves to efficient in-camera 
implementation due to the computationally less rigorous nature of calculations 
used in performing the task in accordance with embodiments described 
herein. 

A method is also provided for determining an orientation of an image 
relative to a digital image acquisition device based on a 
foreground/background analysis of two or more images of a scene. 

REFERRING TO THE FIGURES 
Figure 1 shows a block diagram of an image acquisition device 20 
operating in accordance with certain embodiments. The digital acquisition 
device 20, which in the present embodiment is a portable digital camera, 
includes a processor 120. Many of the processes implemented in the digital 
camera may be implemented in or controlled by software operating in a 
microprocessor, central processing unit, controller, digital signal processor 
and/or an application specific integrated circuit, collectively depicted as block 
120 labelled "processor". Generically, user interfacing and control of 
peripheral components such as buttons and display may be controlled by 
microcontroller 122. The processor 120, in response to user input at 122, 
such as half pressing a shutter button (pre-capture mode 32), initiates and 
controls the digital photographic process. Ambient light exposure is 
determined using a light sensor 40 in order to automatically determine if a 
flash is to be used. The distance to the subject is determined using a 
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focusing mechanism 50 which also focuses the image on an image capture 
device 60. If a flash is to be used, processor 120 causes a flash device 70 to 
generate a photographic flash in substantial coincidence with the recording of 
the image by the image capture device 60 upon full depression of the shutter 
button. The image capture device 60 digitally records the image in color. The 
image capture device is known to those familiar with the art and may include a 
CCD (charge coupled device) or CMOS to facilitate digital recording. The 
flash may be selectively generated either in response to the light sensor 40 or 
a manual input 72 from the user of the camera. The high resolution image 
recorded by image capture device 60 is stored in an image store 80 which 
may comprise computer memory such as dynamic random access memory or 
a non-volatile memory. The camera is equipped with a display 100, such as 
an LCD, for preview and post-view of images. 

In the case of preview images which are generated in the pre-capture 
mode 32 with the shutter button half-pressed, the display 100 can assist the 
user in composing the image, as well as being used to determine focusing 
and exposure. Temporary storage 82 is used to store one or plurality of the 
preview images and can be part of the image store 80 or a separate 
component. The preview image is usually generated by the image capture 
device 60. For speed and memory efficiency reasons, preview images 
usually have a lower pixel resolution than the main image taken when the 
shutter button is fully depressed, and are generated by sub-sampling a raw 
captured image using software 124 which can be part of the general 
processor 120 or dedicated hardware or combinations thereof. Depending on 
the settings of this hardware subsystem, the pre-acquisition image processing 
may satisfy some predetermined test criteria prior to storing a preview image. 
Such test criteria may be chronological, such as to constantly replace the 
previous saved preview image with a new captured preview image every 0.5 
seconds during the pre-capture mode 32, until the final high resolution image 
is captured by full depression of the shutter button. More sophisticated 
criteria may involve analysis of the preview image content, for example, 
testing the image for changes, before deciding whether the new preview 
image should replace a previously saved image. Other criteria may be based 
on image analysis such as the sharpness, or metadata analysis such as the 
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exposure condition, whether a flash will be used in the final image, the 
distance to the subject, or combinations thereof. 

If test criteria are not met, the camera continues by capturing the next 
preview image while storing and/or discarding preceding captured previews. 
The process continues until the final high resolution image is acquired and 
saved by fully depressing the shutter button. 

Where multiple preview images can be saved, a new preview image 
will be placed on a chronological First-ln, First-Out (FIFO) stack, until the user 
takes the final picture. A reason for storing multiple preview images is that the 
last preview image, or any single preview image, may not be the best 
reference image for comparison with the final high resolution image in, for 
example, a red-eye correction process or, in the present embodiments, 
portrait mode processing. By storing multiple images, a better reference 
image can be achieved, and a closer alignment between the preview and the 
final captured image can be achieved in an alignment stage discussed later. 
Also, some processing may involve the use of multiple preview and/or post- 
view images. 

The camera is also able to capture and store in the temporary storage 
82 one or more low resolution post-view images when the camera is in portrait 
mode. Post-view images are essentially the same as preview images, except 
that they occur after the main high resolution image is captured. 

In this embodiment the camera 20 has a user-selectable mode 30. 
The user mode 30 is one which involves foreground/background 
segmentation of an image as part of a larger process, e.g. for applying special 
effects filters to the image or for modifying or correcting an image. Thus in the 
user mode 30 the foreground/background segmentation is not an end in itself. 
However, as the segmentation aspects of the user mode 30 are relevant, 
those aspects are described further herein. 

If user mode 30 is selected, when the shutter button is depressed the 
camera is caused to automatically capture and store a series of images at 
close intervals so that the images are nominally of the same scene. The 
particular number, resolution and sequence of images, and the extent to 
which different parts of the image are in or out of focus, depends upon the 
particular embodiment. A user mode processor 90 analyzes and processes 
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the stored images according to a workflow to be described. The processor 90 
can be integral to the camera 20 - indeed, it could be the processor 120 with 
suitable programming - or part of an external processing device 10 such as a 
desktop computer. In this embodiment the processor 90 processes the 
captured images in DCT format. As explained above, the image acquisition 
and storage process in a digital camera typically codes the captured images 
in DCT format as an intermediate step of the process, the images being finally 
stored in, for example, jpg format. Therefore, the intermediate DCT-coded 
images can be readily made available to the processor 90. 

Figure 2 illustrates the workflow of an embodiment of user mode 
processing. First, user mode 30 is selected at step 200. Now, when the 
shutter button is fully depressed, the camera automatically captures and 
stores two digital images in DCT format, including: 

- a high pixel resolution image (image A) is taken at step 202. This image 

has a foreground subject of interest which is in focus, or at least 
substantially more in focus than the background. 

- a low pixel resolution post-view (or preview) image (image B) is taken at 

step 204. This image has its background in focus, or at least 
substantially more in focus than the foreground subject of interest. 
Auto-focus algorithms in a digital camera will typically provide support 
for off-centre multi-point focus which can be used to obtain a good 
focus on the background. Where such support is not available, the 
camera can be focussed at infinity. 

These two images are taken in rapid succession so that the scene 
captured by each image is nominally the same. In this embodiment steps 200 
to 206 just described take place in the camera 20. The remaining steps now 
to be described can take place in the camera or in an external device 10. 

Images A and B are aligned in step 206, to compensate for any slight 
movement in the subject or camera between taking these images. Alignment 
algorithms are well known. Then, at step 208, a high frequency (HF) map of 
the foreground focussed image A is constructed by taking the sum of selected 
high order DCT coefficients for each, or at least the majority of, the DCT 
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blocks of the image. By way of background, for an 8x8 block of pixels, a set 
of 64 DCT coefficients going from the first (d.c.) component to the highest 
frequency component is generated. In this embodiment, the top 25% of the 
DCT coefficients for a block are added to provide an overall HF index for the 
block. If not all the DCT blocks of the image are used to construct the map, 
those that are should be concentrated on the regions expected to contain the 
foreground subject of interest. For example, the extreme edges of the image 
can often be omitted, since they will almost always be background. The 
resultant map is referred to herein as Map A. 

Next, step 210, an HF map (Map B) of the background focussed image B 
is constructed by calculating the HF indices of the DCT blocks using the same 
procedure as for Map A. 

Now, step 212, a difference map is constructed by subtracting Map A 
from Map B. This is done by subtracting the HF indices obtained in step 208 
individually from the HF indices obtained in step 210. Since Image A has a 
higher resolution than image B, a DCT block in Image B will correspond to a 
larger area of the scene than a DCT block in Image A. Therefore, each HF 
index of Map A is subtracted from that HF index of Map B whose DCT block 
corresponds to an area of the scene containing or, allowing for any slight 
movement in the subject or camera between taking the images, substantially 
containing the area of the scene corresponding to the DCT block of Map A. 
This means that the HF indices for several adjacent DCT blocks in Image A 
will be subtracted from the same HF index of Map B, corresponding to a 
single DCT block in Image B. 

At step 214, using the values in the difference map, a 
foreground/background map is constructed wherein each DCT block of Image 
A is assigned as corresponding to a foreground or background region of the 
image according to whether the difference between its HF index and the HF 
index of the DCT block of Image B from which it was subtracted in step 212 is, 
respectively, negative or positive. 

Finally, at step 216, additional morphological, region filling and related 
image processing techniques, alone or in combination with other 
foreground/background segmentation techniques, can further improve and 
enhance the final foreground/background map. 
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The final foreground/background map 218 may now be applied to the 
DCT-coded or jpg version of Image A for use in processing the image 
according to the function to be performed by the user-selectable mode 30. 

Where the processor 90 is integral to the camera 20, the final 
processed jpg image may be displayed on image display 100, saved on a 
persistent storage 112 which can be internal or a removable storage such as 
CF card, SD card or the like, or downloaded to another device, such as a 
personal computer, server or printer via image output device 110 which can 
be tethered or wireless. In embodiments where the processor 90 is 
implemented in an external device 10, such as a desktop computer, the final 
processed image may be returned to the camera 20 for storage and display 
as described above, or stored and displayed externally of the camera. 

Variations of the foregoing embodiment are possible. For example, 
Image B could be a low resolution preview image rather than a post-view 
image. Alternatively, both Images A and B could be high resolution images 
having the same resolution. In that case a DCT block in Image B will 
correspond to the same area of the scene as a DCT block in Image A. Thus, 
in step 212, the difference map would be constructed by subtracting each HF 
index of Map A from a respective different HF index of Map B, i.e. that HF 
index of Map B corresponding to the same or, allowing for any slight 
movement in the subject or camera between taking the images, substantially 
the same area of the scene. In another embodiment both Images A and B are 
low resolution preview and/or post-view images having the same resolution, 
and the foreground/background map derived therefrom is applied to a third, 
higher resolution image of nominally the same scene. 

In another embodiment, rather than basing the maps and comparison 
on a DCT block by block analysis, each map can first be pre-processed to 
provide regions, each having similar HF characteristics. For example, 
contiguous blocks with HF components above a given threshold are grouped 
together and contiguous blocks with HF components below a given threshold 
are grouped together. Regions from the foreground and background images 
can then be compared to determine if they are foreground or background. 

In another embodiment, Images A and B may have different pixel 
resolutions, and prior to DCT coding, the pixel resolutions of the two images 
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are matched by up-sampling the image of lower resolution and/or sub- 
sampling the image of higher resolution. In this context, US published patent 
applications nos. 2005/0041 121 and 2006/0098890, which are assigned to 
the same assignee as the present application, are hereby incorporated by 
reference. In this embodiment, a digital foreground/background map may be 
preferably created and stored, while it may also be possible to use the 
foreground/background designation of the image region corresponding to 
each DCT block directly in another algorithm, instead of formally creating and 
storing a digital map. 

As mentioned above, the ability to provide foreground/background 
separation in an image is useful in many applications. 

In other embodiments, a particular application may use a 
foreground/background map of an image, regardless of whether it has been 
calculated using the embodiment described above or, e.g, using a flash-based 
technique such as that described at US published patent application no. 
2006/0285754, which is hereby incorporated by reference. The technique 
may detect the orientation of an image relative to the camera. The technique 
may be applicable to any digital image acquisition device. For many 
situations, this may imply an orientation of a camera when the image was 
taken without an additional mechanical device. 

Referring now to Figure 3, in a normally-oriented camera for a 
normally-oriented scene, a close image foreground (in this case the subject 
330) may be at the bottom of the image and a far background at its top. 
Using flash-based foreground/background segmentation, being closer to the 
camera, the close foreground 330 reflects the flash more than the far 
background. Thus, by computing a difference between a flash and non-flash 
version image of the scene, the image orientation can be detected and 
camera orientation implied. A corresponding analysis may apply when 
analysing DCT coefficients of two images as in the above described 
embodiment. 

An exemplary implementation may use two reference images, e.g., 
preview or postview images or combinations of preview, postview and/or 
ordinary images suitably matched in resolution, one flash and one non-flash, 
and transforms these into grey level. For each pixel, the grey level of the non- 
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flash image is subtracted from the one corresponding to the flash image to 
provide a difference image. In other implementations, a ratio could be used 
instead of subtraction. 

For each potential image/camera orientation direction, a box is taken in 
the difference image. So, for an image sensing array 310 in an upright 
camera, box 312 is associated with an upright orientation of the camera, and 
box 316 is associated with an inverted orientation of the camera, box 314 is 
associated with a clockwise rotation of the camera relative to a scene, and 
box 318 is associated with an anti-clockwise rotation of the camera relative to 
the scene. 

For each of boxes 312-318 of Figure 3, an average value of the 
difference image is computed. In some implementations, the difference might 
only be calculated for portions of the image corresponding to the boxes 312- 
318. 

For clarity, the boxes 312-318 of Figure 3 are not shown as extending 
to the edges of the image, however, in an exemplary implementation, for a 
box size = dim, the box 318 would extend from: left = 0, top = 0 to right = dim 
and bottom = image height. In other implementations, one could associate 
other suitable regions with a given orientation or indeed other units of 
measurement instead of the average (i.e. histograms). 

The maximum of the average values for the boxes 31 2-31 8 may be 
computed and the box corresponding to the largest value may be deemed to 
be a region with the greatest degree of foreground vis-a-vis the remaining 
regions. This is deemed to indicate that this region lies at the bottom of the 
reference image(s). In the example of Figure 3, the largest difference in the 
difference images of the boxes should occur in box 312, indicating an upright 
subject and implying an upright camera orientation given the normal pose of a 
subject. In some implementations, box 316 might not be used as it is not a 
realistic in-camera orientation. 

In some implementations, it can be of benefit to run some tests in order 
to validate the presumptive image orientation. For example, the maximum of 
the average values may be tested to determine if it is dominant vis-a-vis other 
values and a level of confidence can be implied from this dominance or 
otherwise. The degree of dominance involved can be varied experimentally 
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for different types of images (e.g., indoor/outdoor as described in US 
published patent application no. 2006/0285754, or day/night). 

Information from other image analysis components which are used 
within the camera may also be combined for determining a level of 
confidence. One exemplary image analysis component is a face tracking 
module which may be operable on a stream of ordinary, preview or postview 
images. This component may store historical data relating to tracked face 
regions, including a confidence level that a region is a face and an associated 
orientation. Where multiple faces are present, their data may be combined in 
determining a level of confidence. 

In an example, if the difference values for the presumed left and right 
sides of an image are similar and smaller then the presumed bottom and 
larger than the presumed top, then it may be more (or less) likely that the 
orientation has been detected correctly. 

Because foreground/background maps can be provided for both indoor 
and outdoor images according to whether the maps have been created using 
flash or non-flash based segmentation, knowing image orientation can be 
useful in many further camera applications. For example, knowing the likely 
orientation of objects in an image can reduce processing overhead in 
attempting to identify such objects in every possible orientation. 

PROCESSING WITH FACES IN DIGITAL IMAGES 
In another embodiment, a method is provided wherein one or more 
groups of pixels are identified as faces or other objects or subjects within a 
digital acquisition device based on information from one or more reference 
images, which may be preview, postview or other different images from a 
main image within which it is desired to identify such faces, or other objects or 
subjects. Certain embodiments are described below including methods and 
devices for providing and/or suggesting options for determining image 
orientation automatically using face detection. A preferred embodiment 
includes an image processing application whether implemented in software or 
in firmware, as part of the image capture process, such as in a digital camera, 
or as part of post processing, such as a desktop, in the camera as a post 
processing background process or on a server application. This system 
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receives images in digital form, where the images can be translated into a grid 
representation including multiple pixels. 

The preferred embodiment describes a method of re-using face detection 
information in different orientations of the image to determine the orientation 
with the highest probability to be the correct one. The information regarding 
the location and size of faces in an image assist in determining correct 
orientation. 

Advantages of the preferred embodiments include the ability to 
automatically perform or suggest or assist in the determination of the correct 
orientation of an image. Another advantage is that the processing may be 
automatically performed and/or suggested based on this information. Such 
automatic processing is fast enough and efficient enough to handle multiple 
images in close to real time, or be used for a single image as part of the 
image processing in the acquisition device. 

Many advantageous techniques are provided in accordance with 
preferred and alternative embodiments set forth herein. For example, this 
method of detection the image orientation can be combined wit other methods 
of face detection, thus improving the functionality, and re-purposing the 
process for future applications. 

Two or more methods of detecting faces in different orientations may 
be combined to achieve better accuracy and parameters of a single algorithm 
may be concatenated into a single parameter. The digital image may be 
transformed to speed up the process, such as subsampling or reducing the 
color depth. The digital image may be transformed to enhance the accuracy 
such as preprocessing stage for improving the color balance, exposure or 
sharpness. The digital image may post-processed to enhance the accuracy, 
such as removal of false positives as a post processing process, based on 
parameters and criteria of the face detection algorithm. 

Values of orientation may be adjusted such that a rotation value for the 
digital image is determined. This technique may be implemented for 
supporting arbitrary rotation or fixed interval rotation such as 90 degree 
rotation. 

The method may be performed within any digital image capture device, 
which as, but not limited to digital still camera, phone handset with built in 
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camera, web camera or digital video camera. Determining which of the sub- 
group of pixels belong to which of the group of face pixels may be performed. 
The determining of the initial values of one or more parameters of pixels may 
be calculated based on the spatial orientation of the one or more sub-groups 
that correspond to one or more facial features. The spatial orientation of the 
one or more sub-groups that correspond to one or more facial features may 
be calculated based on an axis of an ellipse fit to the sub-group. The adjusted 
values of pixels within the digital image may be rounded to a closest multiple 
of 90 degrees. The initial values may be adjusted to adjusted values for re- 
orienting the image to an adjusted orientation. The one or more facial 
features may include an eye, two eyes, two eyes and a mouth, an eye, a 
mouth, hairline, ears, nostrils, nose bridge, eyebrows or a nose, or 
combinations thereof. On a more abstract level the features used for the 
detection of objects in general in the image, or faces specifically may be 
determined through a mathematical classifiers that are either deduced via a 
learning process or inserted into the system. One example of such classifiers 
are described by Viola Jones in the paper incorporated herein by reference. 
Other classifiers can be the eigenfaces, which are the basis functions that 
define images with faces. 

Each of the methods provided are preferably implemented within 
software and/or firmware either in the camera or with external processing 
equipment. The software may also be downloaded into the camera or image 
processing equipment. In this sense, one or more processor readable 
storage devices having processor readable code embodied thereon are 
provided. The processor readable code programs one or more processors to 
perform any of the above or below described methods. 

Figure 4 illustrates a process flow according to a preferred 
embodiment. The input is an image which can come from various sources. 
According to this exemplary procedure, an image may be opened by a 
software, firmware or other program application in block 402. The process 
may be initiated when a photographer takes a picture at block 403, or as an 
automatic background process for an application or acquisition device at block 
404. 
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The classifiers are preferably pre-determined for the specific image 
classification. A detailed description of the learning process to create the 
appropriate classifiers can be found in the paper by Viola and Jones that has 
been cited and incorporated by reference hereinabove. The classifiers are 
loaded, at step 408, into the application. 

The image is preferably rotated into three orientations at block 410. 
Only two or more than three orientation may alternatively be used: The 
preferred orientations are counter clockwise 412, no rotation 414 and 
clockwise, 416. Note that a fourth orientation which is the upside down 418 is 
technically and theoretically plausible but is not preferred due to the statistical 
improbability of such images. One or more images rotated by 1 °, or a few 
seconds or minutes, or by 3° or 45°, or an arbitrary amount, may also be 
used. 

The three images are then provided to the face detection software at 
block 420 and the results are analyzed at block 430. The image with the 
highest probability of detection of faces is determined at block 440 to be most 
likely the one with the right orientation. 

Figure 5 is an alternative embodiment, wherein the classifiers are 
rotated as opposed to the images. By doing so, even if the results are similar, 
the execution time is highly optimized because the process is preferably not 
repeated over three images, and is instead performed over only a single 
image with two, three or more times the number of classifiers. Preferably, two 
sets of rotated classifiers are used along with an unrotated set. According to 
Figure 5, the classifiers loaded at block 408 are rotated at block 460 to create 
counter clockwise classifiers 462, original classifiers 464 and clockwise 
classifiers 466. As explained above, if desired, a fourth set of classifiers 468 of 
180 degree rotation can be generated, and in fact, any number of classifier 
sets may be generated according to rotations of arbitrary or selected amounts 
in accordance with alternative embodiments of this invention. In a third 
embodiment, both the image and the classifiers may be rotated. 

The classifiers are preferably combined into a single set of classifiers at 
block 470. The concatenation of the classifiers is preferably performed in such 
a manner that an false eliminating process would still be optimized. Note that 
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these operations need not be executed at the time of analysis, but can be 
prepared prior to running the process on an image, as a preparatory step. 
Also note that the two approaches may be combined, where some classifiers 
may or may not be used depending on the results of the previous classifies. It 
may be possible to merge the preferred three sets, or an arbitrary number of 
two or more sets, of rotated classifiers. 

Part-way through, the common classifiers one would branch into the 
specific classifiers for each orientation. This would speed up the algorithm 
because the first part of the classification would be common to the three 
orientations. 

In another embodiment, where the classifier set contains rotation 
invariant classifiers it is possible to reduce the number of classifiers which 
must be applied to an image from 3N to 3N - 2M where N is the number of 
classifiers in the original classifier set and M is the number of rotation invariant 
classifiers. The image is then prepared at block 458 to run the face detection 
algorithm at block 422. Such preparation varies on the algorithm and can 
include different operations such as converting the image format, the color 
depth, the pixel representation etc. In some cases the image is converted, 
such as described by Viola and Jones, to form a pixel based representation 
from an integral one. In other cases the image may be subsampled to reduce 
computation, converted to a gray scale representation, or various image 
enhancement algorithms such as edge enhancement, sharpening, blurring, 
noise reduction etc. may be applied to the image. Numerous operations on 
the image in preparation may also be concatenated. The face detection 
algorithm is run once on the image at block 422, using the multiple set of 
classifiers 470. The results are then collated at block 428, according to each 
of the three orientations of the preferred classifier set. The number of 
surviving face regions for each orientation of the classifier set are next 
compared at block 430. The orientation with the highest number of surviving 
face regions is determined at block 440 to be the one with the highest 
likelihood orientation. 

In an additional embodiment, the algorithm handles may handle cases 
of false detection of faces. The problem occurs where in some cases regions 
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that are not faces are marked as potential faces. In such cases, it is not 
enough to count the occurrence of faces, but the probability of false detection 
and missed faces needs to be accounted for. 

CAMERA MOTION BLUR 

According to another embodiment, there is provided a digital image 
acquisition system comprising an apparatus for capturing digital images and a 
digital processing component for determining a camera motion blur function in 
a captured digital image based on a comparison of at least two images each 
taken during, temporally proximate to or overlapping an exposure period of 
said captured image and of nominally the same scene. 

Preferably, the at least two images comprise the captured image and 
another image taken outside, preferably before and alternatively after, the 
exposure period of said captured image. 

Preferably at least one reference image is a preview image. 

Referring back again briefly to Figure 1 for context, an image recorded 
by an image capture device 20, such as a handheld or otherwise portable 
digital camera, may be stored in an image store 80 which may comprise 
computer memory such a dynamic random access memory or a non-volatile 
memory. The camera 20 of Figure 1 is equipped with a display 100, such as 
an LCD at the back of the camera 20 or a microdisplay inside a viewfinder for 
viewing preview and/or post-view or other reference images. In the 
exemplary case of preview images, which may be generated in a pre-capture 
mode 32, the display 100 can assist the user in composing the image, as well 
as being used to determine focusing and exposure. A temporary storage 
space 82 may be used to store one or plurality of the preview images and 
may be part of the image store 80 or a separate component. The preview 
image may typically be generated by the same image capture element 60, 
and for speed and memory efficiency reasons may be generated by 
subsampling the image 124 using software which can be part of the general 
processor 120 or dedicated hardware, before displaying at display 100 or 
storing 82 the preview image. 
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Upon full depression of the shutter button, a full resolution image is 
acquired and stored at image store 80. The image may go through image 
processing stages such as conversion from the RAW sensor pattern to RGB, 
format, color correction and image enhancements. These operations may be 
performed as part of the main processor 120 or by using a secondary 
processor such as a dedicated DSP. Upon completion of the image 
processing the images are stored in a long term persistent storage such as a 
removable storage device 112. 

According to this embodiment, the system further includes a motion de- 
blurring component. This component can be implemented as firmware or 
software running on the main processor 120 or on a separate processor. 
Alternatively, this component may be implemented in software running on an 
external processing device 10 of Figure 1 , such as a desktop or a server, 
which receives the images from the camera storage 1 12 via the image output 
mechanism 110, which can be physical removable storage, wireless or 
tethered connection between the camera and the external device. The motion 
de-blurring component may include a PSF calculator (see element 498 of 
Figure 6) and an image de-convolver which de-convolves the full resolution 
image using the PSF. These two components may be combined or treated 
separately. The PSF calculator may be used for qualification only, such as 
determining if motion blur exists, while the image de-convolver may be 
activated only after the PSF calculator has determined if de-blurring is 
needed. 

Figure 6 includes a flow chart of one embodiment of calculating the PSF 
in accordance with certain embodiments. While the camera is in preview 
mode 480, the camera continuously acquires preview images 482, and 
calculates exposure and focus and displays the composition. When such an 
image satisfies some predefined criteria 484, the preview image is saved 486. 
As explained below, such criteria are preferably defined based on image 
quality and/or chronological considerations. Among the criteria may be to 
always save the last image. More advanced image quality criteria may 
include analysis as to whether the preview image itself has too much motion 
blurring. As an alternative to saving a single image, multiple images may be 
saved 489. The newest preview image may be added to a list replacing the 
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oldest one, at 490 and 491 of Figure 6. The definition of oldest can be 
chronological, as in First In First Out or FIFO. Alternatively it can be the image 
that least satisfies criteria as defined in stage 484. The process continues at 
488, until the shutter release is fully pressed 492, or the camera is turned off. 

The criteria 484 that a preview image is determined to satisfy can vary 
depending on specific implementations of the process. In one embodiment, 
such criteria may be whether the image is not blurred. This is based on the 
assumption that even if a camera is constantly moving, being hand held by 
the user, there are times where the movement is zero, whether because the 
user is firmly holding the camera or due to change of movement direction the 
movement speed is zero at a certain instance. Such criteria may not need to 
be absolute. In addition such criteria may be based on one or more 1- 
dimensional vectors as opposed to a full two dimensional image. In other 
words, the criteria 484 may be satisfied if the image is blurred horizontally, but 
no vertical movement is recorded and vice versa, due to the fact that the 
motion may be mathematically described in orthogonal vectors, thus 
separable. More straight forward criteria will be chronological, saving images 
every predefined time which can be equal or slower to the speed the preview 
images are generated. Other criteria may be defined such as related to the 
exposure, whether the preview reached focus, whether flash is being used, 
etc. 

Finally, the full resolution image is acquired at 492 is saved at 494. After 
the full resolution image is saved 494, it is loaded into memory 495 and the 
preview image or images are loaded into memory as well at 496 of Figure 6. 
Together the preview and final images are the input of the process which 
calculates the PSF 498. 

A description of two different methods of calculating PSF is provided with 
reference to Figures 7a-7b. Figure 7a shows an embodiment 500 for 
extracting a PSF using a single preview image. In this embodiment, the input 
is the finally acquired full resolution image 51 1 , and a saved preview image 
512. Prior to creating the PSF, the preview and final image have to be 
aligned. The alignment can be a global operation, using the entire images, 
51 1 and 512. However, the two images may not be exact for several reasons. 
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Due to the fact that the preview image and the final full resolution image 
differ temporally, there may not be a perfect alignment. In this case, local 
alignment, based on image features and using techniques known to those 
skilled in the art, will normally be sufficient. The process of alignment may be 
performed on selected extracted regions 520, or as a local operation. 
Moreover, this alignment is only required in the neighborhood of the selected 
region(s) orfeature(s) used for the creation of the PSF. In this case, matching 
regions of the full resolution and preview image are extracted, 521 and 522. 
The process of extraction of such regions may be as simple as separating the 
image into a grid, which can be the entire image, or fine resolution regions. 
Other more advanced schemes will include the detection of distinct regions of 
interest based on a classification process, such as detecting regions with high 
contrast in color or exposure, sharp edges or other distinctive classifiers that 
will assist in isolating the PSF. One familiar in the art is aware of many 
algorithms for analyzing and determining local features or regions of high 
contrast; frequency transform and edge detection techniques are two specific 
examples that may be employed for this step, which may further include 
segmentation, feature extraction and classification steps. 

The preview image 512 is normally, but not necessarily, of lower 
resolution than the full resolution image 51 1 , typically being generated by 
clocking out a subset of the sensor cells or by averaging the raw sensor data. 
Therefore, the two images, or alternatively the selected regions in the images, 
need to be matched in pixel resolution, 530. In the present context "pixel 
resolution" means the size of the image, or relevant region, in terms of the 
number of pixels constituting the image or region concerned. Such a process 
may be done by either upsampling the preview image, 532, downsampling the 
acquired image, 531 , or a combination thereof. Those familiar in the art will 
be aware of several techniques best used for such sampling methods. 

Now we recall from before that: 

A two dimensional image I is given as l(x,y). 
A motion point spread function describing the blurring of image I is 
given as MPSF(I). 
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The degraded image l'(x,y) can be mathematically defined as the 
convolution of l(X,Y) and MPSF(x,y) or 

r(x 9 y) = I(x 9 y)®MPSF(x 9 y) (Eq 1} 

Now it is well known that where a mathematical function, such as the 
aforementioned MPSF(x,y), is convoluted with a Dirac delta function 5(x,y) 
that the original function is preserved. Thus, if within a preview image a sharp 
point against a homogenous background can be determined, it is equivalent 
to a local occurrence of a 2D Dirac delta function within the unblurred preview 
image. If this can now be matched and aligned locally with the main, blurred 
image l'(x,y) then the distortion pattern around this sharp point will be a very 
close approximation to the exact PSF which caused the blurring of the original 
image l(x,y). Thus, upon performing the alignment and resolution matching 
between preview and main images the distortion patterns surrounding distinct 
points or high contrast image features, are, in effect, representations of the 2D 
PSF, for points and representation of a single dimension of the PSF for sharp, 
unidirectional lines. 

The PSF may be created by combining multiple regions. In the simple 
case, a distinguished singular point on the preview image and its 
corresponding motion blurred form of this point which is found in the main full- 
resolution image is the PSF. 

However, as it may not always be possible to determine, match and 
align, a single distinct point in both preview and full resolution image, it is 
alternatively possible to create a PSF from a combination of the orthogonal 
parts of more complex features such as edges and lines. Extrapolation to 
multiple 1-D edges and corners should be clear for one familiar in the art. In 
this case multiple line-spread-functions, depicting the blur of orthogonal lines 
need to be combined and analysed mathematically in order to determine a 
single-point PSF. 

Due to statistical variances this process may not be exact enough to 
distinguish the PSF based on a single region. Therefore, depending on the 
processing power and required accuracy of the PSF, the step of finding the 
PSF may include some statistical pattern matching or statistical combination 
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of results from multiple regions within an image to create higher pixel and 
potentially sub pixel accuracy for the PSF. 

As explained above, the PSF may not be shift invariant. Therefore, the 
process of determining the right PSF may be performed in various regions of 
the image, to determine the variability of the PSF as a function of location 
within the image. 

Figure 7b shows a method 600 of extrapolating a PSF using multiple 
preview images. 

In this embodiment, the movement of the image is extrapolated based 
on the movement of the preview images. According to Figure 7b, the input for 
this stage is multiple captured preview images 610, and the full resolution 
image 620. All images are recorded with an exact time stamp associated with 
them to ensure the correct tracking. In most cases, preview images will be 
equally separated, in a manner of several images per second. However, this 
is not a requirement for this embodiment as long as the interval between 
images, including the final full resolution image, is known. 

One or more distinctive regions in a preview image are selected, 630. By 
distinctive, one refers to a region that can be isolated from the background, 
such as regions with noticeable difference in contrast or brightness. 
Techniques for identifying such regions are well known in the art and may 
include segmentation, feature extraction and classification. 

Each region is next matched with the corresponding region in each 
preview image, 632. In some cases not all regions may be accurately 
determined on all preview images, due to motion blurring or object 
obscurations, or the fact that they have moved outside the field of the preview 
image. The coordinates of each region is recorded, 634, for the preview 
images and, 636, for the final image. 

Knowing the time intervals of the preview images, one can extrapolate 
the movement of the camera as a function of time. When the full resolution 
image 620 is acquired, the parameter that needs to be recorded is the time 
interval between the last captured preview image and the full resolution 
image, as well as the duration of the exposure of the full resolution image. 
Based on the tracking before the image was captured, 634, and the interval 
before and duration of the final image, the movement of single points or high 
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contrast image features can be extrapolated, 640, to determine the detailed 
motion path of the camera. 

This process is illustrated in Figure 8. According to this figure multiple 
preview images 902, 904, 906, 908 are captured. In each of them a specific 
region 912, 914, 916, 918 is isolated which corresponds to the same feature 
in each image. The full resolution image is 910, and in it the regions 
corresponding to 912, 914, 916, 918 are marked as 920. Note that 920 may 
be distorted due to motion blurring. 

Tracking one dimension as a function of time, the same regions are 
illustrated in 930 where the regions are plotted based on their displacement 
932, as a function of time interval 932. The objects 942, 944, 946 948 and 
950 correspond to the regions 912, 914, 916, 918 and 920. 

The motion is calculated as the line 960. This can be done using 
statistical interpolation, spline or other curve interpolation based on discrete 
sampling points. For the final image, due to the fact that the curve may not be 
possible to calculate, it may also be done via extrapolation of the original 
curve, 960. 

The region of the final acquired image is enlarged 970 for better viewing. 
In this plot, the blurred object 950 is depicted as 952, and the portion of the 
curve 690 is shown as 962. The time interval in this case, 935 is limited to the 
exact length in which the exposure is being taken, and the horizontal 
displacement 933, is the exact horizontal blur. Based on that, the interpolated 
curve, 952, within the exposure time interval 935, produces an extrapolation 
of the motion path 990. 

Now, an extrapolation of the motion path may often be sufficient to yield 
a useful estimate of the PSF if the motion during the timeframe of the principle 
acquired image can be shown to have practically constant velocity and 
practically zero acceleration. As many cameras now incorporate sensitive 
gyroscopic sensors it may be feasible to determine such information and 
verify that a simple motion path analysis is adequate to estimate the motion 
blur PSF. 

However when this is not the case (or where it is not possible to reliably 
make such a determination) it is still possible to estimate the detailed motion 
blur PSF from a knowledge of the time separation and duration of preview 
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images and a knowledge of the motion path of the camera lens across an 
image scene. This process is illustrated in Figures 9 and 10 and will now be 
described in more detail. 

Any PSF is an energy distribution function which can be represented by 
a convolution kernel k(x,y) —> w where (x,y) is a location and w is the energy 
level at that location. The kernel k must satisfy the following energy 
conservation constraint: 



f f 

I I k(x,y)dxd& 
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which states that energy is neither lost nor gained by the blurring operation. In 
order to define additional constraints that apply to motion blur PSFs we use a 
time parameterization of the PSF as a path function, f(t) --> (x,y)and an 
energy function h(t)-> w. Note that due to physical speed and acceleration 
constraints, ^should be continuous and at least twice differentiate, where 
f'(t) is the velocity of the (preview) image frame and f'(t) is the acceleration at 
time t. By making the assumption that the scene radiance does not change 
during image acquisition, we get the additional constraint: 

f+ st , , , St 

/ hit) (M = - ^ , dt > (J, isiari < t < t end dt, 
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where [t s tart, tend] is the acquisition interval for a (preview) image. This 
constraint states that the amount of energy which is integrated at any time 
interval is proportional to the length of the interval. 

Given these constraints we can estimate a continuous motion blur PSF 
from discrete motion samples as illustrated in Figures 9 and 10. First we 
estimate the motion path, f(t), by spline interpolation as previously described 
above and as illustrated in Figure 8. This path [1005] is further illustrated in 
Figure 9. 

Now in order to estimate the energy function /7(Y)along this path we need 
to determine the extent of each image frame along this interpolated path. This 
may be achieved using the motion centroid assumption described in Ben-Ezra 
et al and splitting the path into frames with a 1-D Voronoi tessellation as 
shown in Figure 9. Since the assumption of constant radiance implies that 



46 



WO 2008/157792 



PCT/US2008/067746 



frames with equal exposure times will integrate equal amounts of energy, we 
can compute h(t) for each frame as shown in Figure 10. Note that as each 
preview frame will typically have the same exposure time thus each rectangle 
in Figure 10, apart from the main image acquisition rectangle will have equal 
areas. The area of the main image rectangle, associated with capture frame 5 
[1020] in this example, will typically be several time larger than preview image 
frames and may be significantly more than an order of magnitude larger if the 
exposure time of the main image is long. 

The resulting PSF determined by this process is illustrated in Figure 10 
and may be divided into several distinct parts. Firstly there is the PSF which is 
interpolated between the preview image frames [1052] and shown as a solid 
line; secondly there is the PSF interpolated between the last preview image 
and the midpoint of the main acquired image [1 054]; thirdly there is the 
extrapolation of the PSF beyond the midpoint of the main acquired image 
[1055] which, for a main image with a long exposure time - and thus more 
susceptible to blurring - is more likely to deviate from the true PSF. Thus it 
may be desirable to acquire additional postview images, which are essentially 
images acquired through the same in-camera mechanism as preview images 
except that they are acquired after the main image has been acquired. This 
technique will allow a further interpolation of the main image PSF [1056] with 
the PSF determined from at least one postview image. 

The process may not be exact enough to distinguish the PSF based on a 
single region. Therefore, depending on the processing power and accuracy 
need, the step of finding the PSF may include some statistical pattern 
matching of multiple regions, determining multiple motion paths, thus creating 
higher pixel and potentially sub pixel accuracy for the PSF. 

Advantageously, a determination may be made whether a threshold 
amount of camera motion blur has occurred during the capture of a digital 
image. The determination is made based on a comparison of a least two 
images acquired during or proximate to the exposure period of the captured 
image. The processing occurs so rapidly, either in the camera or in an 
external processing device, that the image blur determination occurs in "real 
time". The photographer may be informed and/or a new image capture can 
take place on the spot due to this real time image blur determination feature. 
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Preferably, the determination is made based on a calculated camera motion 
blur function, and further preferably, the image may be de-blurred based on 
the motion blur function, either in-camera or in an external processing device 
in real time or later on. 

DUST OR OTHER IMAGE ARTEFACT DETECTION AND CORRECTION 
When either a preview or a full resolution image is acquired while the 
sensor is lit by the light source, the obtained calibration image will be uniform 
enough to allow construction of a map of dust related defects on the CCD 
sensor surface. Even if the CCD surface is not uniformly lit (as a consequence 
of an off-center LED) the non-uniformity is persistent, and can be thus 
accounted for in a map or a formula that can be stored (in a compressed 
form) in a lookup table for mapping a calibration image to a final dust map. 

At any suitable time after an image has been acquired, it can be 
compared with a dust map to identify and/or correct defects in the image 
resulting from sensor defects. Where camera click-to-click interval is critical, 
this processing is likely to be performed in the background during periods of 
camera inactivity. It is also possible that the dust map could be used both to 
analyze and correct low resolution preview or post-view images as well as full 
resolution acquired images. 

Detection and correction of digital image artifacts that appear in images 
acquired by compact digital still cameras due to the flash reflection on 
airborne dust particles (or small waterborne particles in underwater 
photography) that are placed out of focus. An exemplary method uses a 
preview image (or other reference image), taken without flash just before (or 
during or just after) the acquisition of the actual image. 

Artifacts may appear in the digital image taken with flash. The overall 
shape may be semi-transparent round areas, encompassed by a brighter 
outer edge. Within the artifact area the original content of the image is 
shaded, as the "orbs" inside is matted and slightly textured. 

The main approach of detecting dust artifacts is based on the 
extraction of edges from image luminance components and a search of 
circular frontiers, and/or thresholding of a color image in the luminance and 
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saturation domains, and selecting regions that are relatively bright and slightly 
unsaturated. The computation of the local contrast (within the luminance 
component) could also be used. 

A different approach may be used to detect orb artifacts. These could 
be obtained as a last preview image acquired of a scene. Since the preview is 
taken without flash, it offers a clean version of the scene, providing a baseline 
of the image content. Obtaining such a baseline image implies the color 
calibration of the preview image to the final image, based on a linear 
transformation of the RGB color channels. The transformation is to be 
obtained by a minimal mean square error matching of colors selected from the 
preview and the final images in uniform regions at the same spatial location. 
These same preview or other reference images may be used in other 
applications, e.g., to detect red eye in images. The concept of the preview 
with no flash that has no artifact and the one with flash that has artifact is 
similar. Airborne artifacts may also be detected and corrected using this 
process. 

RED-EYE DETECTION AND CORRECTION 
A digital image acquisition device 1 100 is provided. An imaging optic 
and detector are for acquiring digital images including one or more preview, 
postview or other reference images and a main image. A face detector 
module 1 1 10 is for analyzing the one or more preview or other reference 
images to ascertain information relating to candidate face regions therein. An 
image generating module 1 120 is for programming the processor to generate 
a sub-sampled version of the main image. A first speed-optimized red-eye 
filter 1 122 is for programming the processor to produce a first set of candidate 
red-eye regions in a sub-sampled version 1124 of the main image 1126 based 
on the candidate face region information provided by the face detector 1110. 

An analysis-optimized red eye filter 1 128 is for later analysis of a full 
resolution version of the main image based in part on the previous analysis. 
The one or more preview images may include a sub-sampled version of an 
acquired image. 



49 



WO 2008/157792 



PCT/US2008/067746 



One convenient approach to pre-determine image regions which have 
a high probability of containing red-eye candidates is to perform pre- 
processing on a set of preview images. Many state-of-art digital cameras 
acquire such a stream of images captured at video rates of 15-30 frames per 
second (fps) at a lower resolution than that provided by the main image 
acquisition architecture and/or programming. A set of 320x240, or QVGA 
images is typical of many consumer cameras and the size and frame-rate of 
this preview images stream can normally be adjusted within certain limits. 

In one embodiment, as illustrated in Figure 11, the digital camera 
includes a face detector 1 1 10 which operates on the preview image stream 
1 124. The face detector 1110 may have two principle modes: (i) a full image 
search mode to detect (and confirm) new face-candidate regions 1 130; and 
(ii) a main tracking mode (1 132) which predicts and then confirms the new 
location of existing face-candidates in subsequent frames of the image stream 
and compiles statistical information relating to each such confirmed candidate 
region. Both modes can employ a variety of methods including face detection, 
skin region segmentation, feature detection including eye and mouth regions, 
active contour analysis and even non-image based inputs such as directional 
voice analysis (e.g. US 2005/0147278 to Rui et al which describes a system 
for automatic detection and tracking of multiple individuals using multiple 
cues). As the first mode, hereafter referred to as the "seeding mode" is 
applied to the entire image, it is computationally more intensive and is only 
applied occasionally, e.g., every 30-60 image frames. As such, new faces 
appearing in the image will still be detected within a couple of seconds which 
is sufficient for most consumer applications. The second mode is preferably 
applied to every image frame, although not all of the analysis cues may be 
applied on every frame. 

Thus in normal operation only the output(s) from the second 
operational mode of a face tracker algorithm will be available after every 
frame of the preview image stream. There may be three principle outputs from 
this second mode: (i) a list of candidate face regions which are confirmed to 
still contain faces; and/or (ii) a set of data associated with each such 
confirmed face region including its location within that frame of the image and 
various additional data determined from a statistical analysis of the history of 
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said confirmed face region; and/or (iii) a predicted location for each such 
confirmed face region in the next frame of the preview image stream. If item 
(ii) is used, item (iii) can be optional as sufficient data may be provided by 
item (ii) for a determination of predicted location. 

These outputs from the preview face detector 1110 enable the speed 
optimized red-eye detector 1 122 to be applied selectively to face regions 1 130 
where it is expected that a red-eye defect will be found. The speed optimized 
filter 1 122 may include a pixel locator 1 136, a shape analyzer 1 138 and/or 
falsing and verification analysis 1 140. Other image processing may be 
performed 1 143 including other image processing described herein, e.g., blur 
processing, face analysis, quality analysis, foreground/background 
processing, chrominance or luminance enhancement, and/or various others. 

As further illustrated at Figure 1 1 , an image compressor bitmap DCT 
1 142 may be followed by generated a DCT block map 1 144, and/or an image 
compressor DCT JPEG 1 146 may be provided. An image store 1 150 may 
include full size main image 1 1 52, red eye filter meta data 1 1 54, subsampled 
main images 1124 and red eye corrected main images 1156. Image 
acquisition parameters 1 158 may also be used in this process. An image 
decompressor JPEG DCT 1 158 may lead to a DCT region decompressor 
1 1 60 of background red eye filter module 1 1 28. These may be controlled by 
unoptimized image manager 1162. The module 1128 includes an analysis 
optimized red eye filter 1 164 preferably including pixel locator 1 166, shape 
analyzer 1 1 68, falsing analyzer 1 1 70 and pixel and region modifier 1 1 72. 
DCT region matching 1 174 may be following by DCT region overwriting 1 176, 
which may be followed by image compressor DCT JPEG 1 146 

A face detector may be first applied to an image prior to the application 
of a red-eye filter (see, e.g. US 200201 7241 9 to Lin et al; US 200201 26893 
to Held et al; US 20050232490 to Itagaki et al and US 20040037460 to Luo et 
al.). Under normal circumstances, however, there is not sufficient time 
available during the main image acquisition chain, which is operable within a 
digital camera, to allow the application of face detector prior to the application 
of a red-eye filter. An advantageous embodiment overcomes this 
disadvantage by employing a predictive output of a face tracker module 1110. 
Although the size of the predicted region will typically be larger than the size 
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of the corresponding face region, it is still significantly smaller than the size of 
the entire image. Thus, advantages of faster and more accurate detection can 
be achieved within a digital camera or embedded image acquisition system 
without the need to operate a face detector 1110 within the main image 
acquisition chain. 

Note that where multiple face candidate regions 1 130 are tracked, then 
multiple predicted regions will have the speed-optimized red-eye filter 1 122 
applied. 

Figure 12 illustrates principle subfilter categories which may exist within 
a main redeye filter 1200, including pixel locator and region segmentor 1210, 
shapr analyzer 1230, falsing analyzer 1250 and pixel modifier 1270, as well 
as filter chain adapter 1 280. While each of the component filters will be 
referred to in sequence, it will be appreciated that where appropriate more 
than one of these filters may be applied at a given time and the decisions 
above to modify the filter chain can include a decision not alone as to which 
filters may be executed in a sequence, but also on which filters can be applied 
in parallel sequences. As described above, the pixel locator and region 
segmentor 1210 includes pixel transformer filter 1211 which allows global 
pixel-level transformations of images during color determining and pixel 
grouping operations. Also, within the pixel locator and region segmentor 1210, 
there are one or more pixel color filters 1212 which perform initial 
determination of whether a pixel has a color indicative of a flash eye defect. 
There is also a region segmentor 1213 which segments pixels into candidate 
redeye groupings, as well as one or more regional color filters 1214, regional 
color correlation filters 1215, and regional color distribution filters 1216 which 
operate on candidate regions based on these respective criteria. In addition, 
the pixel locator and region segmentor 1210 preferably includes a 
resegmentation engine 1217 including two additional functional blocks which 
do not contribute directly to the color determining and segmentation 
operations but are nevertheless intertwined with the operation of the pixel 
locator and region segmentor 1210. The resegmentation engine 1217 is a 
functional block which is particularly useful for analyzing difficult eye defects. 
It allows region splitting 1218 and region regrouping 121 9 for borderline 
candidate regions based on a variety of threshold criteria. 
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After candidate eye-defect groupings have been determined by the 
segmentor 1210, a shape analyzer 1230 next applies a set of subfilters to 
determine if a particular candidate grouping is physically compatible with 
known eye-defects. Thus some basic geometric filters 1231 are first applied 
followed by one or more additional region compactness filters 1232, as well as 
one or more boundary continuity filters 1233. Further determining is then 
performed by one or more region size filters 1234, and a series of additional 
filters then determine if neighboring features exist which are indicative of eye 
shape 1235, eyebrows 1236 and iris regions 1237. In certain embodiments, 
the redeye filter may additionally use anthropometric data to assist in the 
accurate determining of such features. 

Now the remaining candidate regions are passed to a falsing analyzer 
1250 which includes a range of subfilter groups which eliminate candidate 
regions based on a range of criteria including lips filters 1251 , face region 
filters 1252, skin texture filters 1253, eye-glint filters 1254, white region filters 
1255, region uniformity filters 1256, skin color filters 1257, and eye-region 
falsing filters 1258. Further to these standard filters a number of specialized 
filters may also be included as part of the falsing analyzer 1250. In particular, 
a category of filter may be based on the use of acquired preview images, i.e., 
a preview image filter 1259, which can determine if a region was red prior to 
applying a flash. This particular preview filter 1259 may also be incorporated 
as part of the initial region determining process 1210, as described in co- 
pending U.S. application Ser. No. 10/919,226 from August, 2004 entitled 
"Red-Eye Filter Method And Apparatus". An additional category of falsing filter 
employs image metadata determined from the camera acquisition process, as 
metadata based filters 1260. This category of filter can be particularly 
advantageous when combined with anthropometric data as described in PCT 
Application No. PCT/EP2004/008706. An additional category of filter may be 
a user confirmation filter 1261 which can be optionally used to request a final 
user input at the end of the detection process. This filter can be activated or 
disabled based on how sub-optimal the quality of an acquired image is, and 
the amount, if any, of user involvement that is desired not desired. 

The pixel modifier 1270 works with the correction of confirmed redeye 
regions. Where an embodiment incorporates a face recognition module, then 
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the pixel modifier 1270 may advantageously employ data from an in-camera 
known person database (not shown) to indicate aspects of the eye color of a 
person in the image. This can have great benefit as certain types of flash eye- 
defects in an image can destroy indications of original eye color. 

In another embodiment, an additional component of a redeye filter 
1 200 may be a filter chain adapter 1 280. This component 1 280 is responsible 
for combining, and sequencing the subfilters of the redeye filter 1200 and for 
activating each filter with a set of input parameters corresponding to 
parameter list(s) 1282 supplied from an image compensation prefilter. 

In further regard to Figure 12, the pixel locator & region segmentor 
1210, the shape analyzer 1230 and the falsing analyzer 1250 are illustrated 
as separate components, however it is not intended to exclude the possibility 
that subfilters from these components may be applied in out-of-order 
sequences. As an illustrative example, regions which pass all the falsing filters 
except for the region uniformity filter 1256 may be returned to the 
resegmentation engine 1217 to determine if the region was incorrectly 
segmented. Thus a subfilter from the pixel locator and region segmentor 1210 
may be used to add an additional capability to the falsing analysis 1250. 

IMAGE QUALITY PROCESSING 
A method is provided for disqualifying an unsatisfactory scene as an 
image acquisition control for a camera. An analysis of the content of the 
captured image determines whether the image should be acquired or 
discarded. One example includes human faces. It may be determined 
whether an image is unsatisfactory based on whether the eyes are closed, 
partially closed or closing down or moving up during a blinking process. 
Alternatively, other non-desirable or unsatisfactory expressions or actions 
such as frowning, covering one's face with a hand or other occluding or 
shadowing of a facial feature or other key feature of a scene, or rotating the 
head away from the camera, etc., may be detected. 

A present image of a scene is captured including a face region. One 
or more groups of pixels is/are identified corresponding to the region of 
interest, such as an eye region, or a mouth within the face region. 
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In the case of blink detection, it is determined whether the eye region is 
in a blinking process. If so, then the scene is disqualified as a candidate for a 
processed, permanent image while the eye is completing the blinking. 

The present image may include a preview image, and the disqualifying 
may include delaying full resolution capture of an image of the scene. The 
delaying may include ending the disqualifying after a predetermined wait time. 

A preview image may be used. This can provide an indication of a 
region of interest (ROI) where the eyes may be in the captured image. This 
provides a fast search in the final image of the mouth or eyes based on spatial 
information provided from the analysis of preview images. 

The delaying may include predicting when the blinking will be 
completed and ending the disqualifying at approximately the predicted blink 
completion time. The predicting may include determining a point of a 
complete blinking process the scene is at, and calculating a remainder time 
for completion of the blinking. The calculating may include multiplying a 
fraction of the complete blinking process remaining times a predetermined 
complete blinking process duration. The predetermined complete blinking 
process duration may be programmed based on an average blinking process 
duration and/or may be determined based on estimating a time from a 
beginning of the blinking to the present and in view of the fraction 
representing the point of the complete blinking process the scene is at. The 
estimating may be based on analyzing a temporal capture parameter of one 
or more previous preview images relative to that of the present preview 
image. The fraction may be determined based on whether the eye that is 
blinking is opening or closing in the present preview image, and a degree to 
which the eye is open or shut. 

The method may include determining whether the eye is blinking 
including determining a degree to which the eye is open or shut. The degree 
to which the eye is open or shut may be determined based on relatively 
analyzing the present preview image and one or more other preview images 
relatively acquired within less than a duration of a complete blinking process. 
The determining whether the eye is blinking may include determining a 
degree of blurriness of one or both eye lids. It may be determined what 
portion of a pupil, an iris, one or both eye lids or an eye white that is/are 
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showing, or combinations thereof. A color analysis of the eye may be 
performed and differentiating pixels corresponding to an eye lid tone from 
pixels corresponding to an iris tone or pupil tone or eye white tone, or 
combinations thereof. A shape analysis of the eye may be performed and 
pixels differentiated as corresponding to an eye lid shape contrast with those 
corresponding to an iris shape or pupil shape or eye white shape, or 
combinations thereof. 

The present image may include a full resolution capture image. The 
disqualifying may include foregoing further processing of the present image. 
It may be determined whether the eye is blinking including determining a 
degree to which the eye is open or shut. This may include relatively analyzing 
the present preview image and one or more other preview images relatively 
acquired within less than a duration of a complete blinking process. The 
determination of whether the eye is blinking may be based on determining a 
degree of blurriness of one or both eye lids. 

The method may include determining a portion of a pupil, an iris, one or 
both eye lids or an eye white that is/are showing, or combinations thereof. A 
color analysis of the eye may be performed and pixels differentiated as 
corresponding to an eye lid tone contrasted with pixels corresponding to an 
iris tone or pupil tone or eye white tone, or combinations thereof. A shape 
analysis of the eye may be performed and pixels differentiated as 
corresponding to an eye lid shape contrasted with pixels corresponding to an 
iris shape or pupil shape or eye white shape, or combinations thereof. 

The present image may include a full resolution capture image. The 
method may include assembling a combination image including pixels from 
the present image and open-eye pixels corresponding to the eye that is 
blinking from a different image. The different image may include a preview 
image or a post-view image or another full resolution image. The different 
image may include a lower resolution than the present image, and the 
assembling may include upsampling the different image or downsampling the 
present image, or a combination thereof. The method may also include 
aligning the present image and the different image, including matching an 
open-eye pixel region to a blinking eye region in the present image. 
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A further method is provided for automatically disqualifying an 
unsatisfactory scene as an image acquisition control of a camera. The 
method includes acquiring multiple preview images. Information is extracted 
from the multiple preview images. One or more changes is/are analyzed in 
the scene between individual images of the multiple temporary images. 
Based on the analyzing, it is determined whether one or more unsatisfactory 
features exist within the scene. The scene is disqualified as a candidate for a 
processed, permanent image while the one or more unsatisfactory features 
continue to exist. 

One or more processor readable storage devices having processor 
readable code embodied thereon are also provided. The processor readable 
code is for programming one or more processors to perform a method of 
disqualifying an unsatisfactory scene as an image acquisition control for a 
camera, as set forth herein above or below. The processor may be embedded 
as part of the camera or external to the acquisition device. The acquisition 
device may be a hand held camera, a stationary camera, a video camera, a 
mobile phone equipped with a acquisition device, a hand held device 
equipped with a acquisition device, a kiosk booth, such as ones used for 
portraits, a dedicated portrait camera such as one used for security or 
identifications or generically, any image capture device. 

An image may be generated as a combination of a present image, and 
a preview, post-view or other full resolution image. For example, the 
combination image may include a face region and some background imagery, 
wherein one or both eye regions, which are unsatisfactorily closed or partially 
closed in the present image, are replaced with one or both open eyes from the 
preview, post-view or other full resolution image. This feature may be 
combined with features presented in United States patent application serial 
no. 10/608,776. In the '776 application, a method of digital image processing 
using face detection is described. A group of pixels is identified that 
corresponds to a face within a digital image. A second group of pixels is 
identified that corresponds to another feature within the digital image. A re- 
compositioned image is determined including a new group of pixels for at 
least one of the face and the other feature. 
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In one embodiment, the camera will take the picture right after the 
subject completes a blinking process. The present system can be used to 
disqualify an image having a subject whose eyes are closed, and can take 
multiple images to prevent having no images that lack blinking. One of the 
images will likely have eyes open for each subject person, and the pictures 
can have a mixture of pixels combined into a single image with no eyes 
blinking. The camera may decide on the number of images to take based on 
the number of subjects in the image. The more people, the higher the 
likelihood of one person blinking, thus more images should be acquired. If it is 
acceptable for efficiency that a certain percentage of persons may be blinking 
in a large group shot, e.g., that is below a certain amount, e.g., 5%, then the 
number of images can be reduced. These threshold numbers and percentage 
tolerances can be selected by a camera product manufacturer, program 
developer, or user of a digital image acquisition apparatus. This information 
may be generated based on analysis of preview images. The preview image 
may also assist in determining the location of the eyes, so that the post 
processing analysis can be faster honing into the region of interest as 
determined by the preview analysis. 

The present system sets a condition under which a picture will not be 
taken or will not be used or further processed after it has already been taken, 
and/or where an additional image or images will be taken to replace the 
unsatisfactory image. Thus, another advantageous feature of a system in 
accordance with a preferred embodiment is that it can correct an acquired 
blink region with a user's eye information from a preview or post-view image 
or another full resolution image. The present system preferably uses preview 
images, which generally have lower resolution and may be processed more 
quickly. The present system can also look for comparison of changes in facial 
features (e.g., of the eyes or mouth), between images as potentially triggering 
a disqualifying of a scene for an image capture. In such a case, the system 
may distinguish between a squint which is somewhat permanent or of longer 
duration during the session than a blink which is more a temporary state. The 
system may also through a comparison of multiple images determine the 
difference between eyes that are naturally narrow due to the location of the 
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upper-eye-lid or the epicanthal fold, or based on a determined nationality of a 
subject person, e.g., distinguishing Asian from Caucasian eyes. 

Figures 13 and 14 illustrate a method of predicting a blinking 
completion time interval including determining a degree to which an eye is 
open or shut, respectively, in accordance with certain embodiments. Various 
options are provided at Figures 13 and 14 for inclusion in the process. At 
1290, the process includes predicting when a blinking will be completed and 
ending a disqualifying at a predicted blinking completion time. This preferably 
includes a blinking detection sub-process. The disqualifying could be ended 
after a predetermined wait time at 1 291 , e.g., when someone may actually be 
asleep rather than blinking. A point at which a complete blinking process is at 
may be determined at 1 292, and a remainder of time for completion of the 
blinking may be calculated. A determined fraction of a complete blinking 
process remaining times a predetermined complete blinking process duration 
may be performed at 1293. At 1294, a complete blinking process duration 
based on an average blinking process duration is programmed into the 
camera or other pre-capture or post-capture processing apparatus. At 1295, 
a complete blinking process duration is determined based on estimating a 
time from a beginning of the blinking to present, and in view of the determined 
fraction. For example, if the determined fraction is one third, and the time 
from the beginning of the blinking to present is determined to be 0.09 
seconds, the complete blink time estimated to be 0.27 seconds, of which 0.18 
second remain. At 1297, the estimation may be based on analyzing a 
temporal capture parameter of one of more previous preview images relative 
to that of the present image. For example, if a previous preview image shows 
a start of the blinking process, and the camera knows that the previous 
preview image was captured 0.08 seconds earlier, and the fraction is one 
third, then the blinking process may be predicted to end after another 0.16 
seconds. At 1296, the fraction is determined, including determining whether 
the blinking eye is opening or closing, and further determining a degree to 
which the eye is open or shut. 

The determining a degree to which an eye may be open or shut is 
further provided at 1310 of Figure 13. To do this, the present image is 
preferably analyzed at 1320 relative to one or more other preview images 
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acquired within less than a duration of a complete blinking process. An 
optional determination of a degree of blurriness at 1330 of one or both eye 
lids may facilitate a determination of blink speed. A portion of a pupil, iris, one 
or both eye lids or an eye white that is/are showing may be determined at 
1340 to facilitate determining how open or shut the blinking eye is. Color 
analysis 1350 and shape analysis 1360 may also be performed to differentiate 
pixels corresponding to features of open eyes such as a pupil, an iris and/or 
an eye white, from pixels corresponding to features of shut eyes, or eye lids 
that would appear in an eye region of a present scene. 

Figure 15 illustrates a method of assembling a combination image in 
accordance with a preferred embodiment. At 1480, a combination image is 
assembled including pixels from a present image and open eye pixels from a 
different image that correspond to the eye that is blinking in the present 
image. The different image may be a preview or postview image 1490. In 
this case, particularly if the preview or postview image has lower resolution 
than the present image, then at 1500 the preview image may be upsampled 
or the postview image may be downsampled, or a combination thereof. The 
present image and the different image are preferably aligned at 1510 to match 
the open eye pixel region in the preview of postview image to the blinking eye 
region in the present image. 

In an alternative embodiment, eye detection software may be activated 
inside a camera or other handheld or portable device, as part of an acquisition 
process. In this scenario, the eye detection portion may be implemented 
differently to support real time or near real time operation. Such 
implementation may include sub-sampling of the image, and weighted 
sampling to reduce the number of pixels on which the computations are 
performed. This embodiment is further described with reference to Figure 16. 

Figure 16 describes a process that uses face detection to improve in 
camera acquisition parameters. In this scenario, a camera is activated at 
1600, for example by means of half pressing the shutter, turning on the 
camera, etc. The camera then goes through the normal pre-acquisition stage 
to determine at 1604 the correct acquisition parameters such as aperture, 
shutter speed, flash power, gain, color balance, white point, or focus. In 
addition, a default set of image attributes, particularly related to potential faces 
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in the image, are loaded at 1602. Such attributes can be the overall color 
balance, exposure, contrast, orientation etc. Alternatively, a collection of 
preview images may be analyzed to determine the potential existence of 
faces in the picture. A region wherein potentially the eyes will be when the full 
resolution is captured may also be predicted. This alternative technique may 
then include moving on to block 1610 and/or 1602. 

At 1602, default values are loaded and/or determined for image 
attributes. Then at 1650, values of attributes, e.g., of one or more reference 
images, particularly preview images, are compared in captured regions to 
default or other reference image attribute values. Image capture may be 
delayed at 1660 while the attributes match default image attributes. Manual 
override instructions may be accepted at 1670. A photographer may take a 
picture at 1690. 

At 1610, a camera captures a main or reference image. At 1620, the 
camera seeks eyes in the image. If no eye has been detected at 1630, then 
the process exits at 1632. Eyes may be manually added at 1634. If eyes are 
detected, then regions are marked or otherwise identified as eyes at 1640. 
False detected eye regions may be removed at 1644. At 1646, selected 
regions may be manually graded based on importance. Then, the process 
moves to 1650, 1660, 1670 and 1690 as introduced above. 

In an alternative embodiment, the eye detection can then also make 
use of information provided from preview images to determine the location of 
the eyes in preview, thus expediting the analysis being performed in a smaller 
region on the final image. 

In an alternative embodiment, the eye detection software may be 
activated inside the rendering device as part of the output process. In this 
scenario, the eye detection portion may be implemented either within the 
rendering device, using the captured image or using a single or plurality of 
preview images, or within an external driver to such device. This embodiment 
is further described with reference to Figure 17 (see below). 

Referring to Figure 17, a process is described for using eye, face or 
other feature detection to improve output or rendering parameters. In this 
scenario, a rendering device such as a printer or a display, hereinafter 
referred to as "the device" is activated at 2100. Such activation can be 
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performed for example within a printer, or alternatively within a device 
connected to the printer such as a PC or a camera. The device then goes 
through a normal pre-rendering stage to determine at 2104, the correct 
rendering parameters such as tone reproduction, color transformation profiles, 
gain, color balance, white point and resolution. In addition, a default set of 
image attributes, particularly related to potential eyes or faces in the image, 
are loaded at 2102. Such attributes can be the overall color balance, 
exposure, contrast, or orientation, or combinations thereof. 

An image is then digitally downloaded onto the device 2110. An image- 
detection process, preferably an eye or a face detection process, is applied to 
the downloaded image to seek eyes or faces in the image at 21 20. If no 
images are found, the process terminates at 2132 and the device resumes its 
normal rendering process. Alternatively, or in addition to the automatic 
detection of 21 30, the user can manually select 21 34 detected eyes or faces 
or other features, using some interactive user interface mechanism, by 
utilizing, for example, a display on the device. Alternatively, the process can 
be implemented without a visual user interface by changing the sensitivity or 
threshold of the detection process. 

When eyes or faces are detected at 2130, they are marked at 2140, 
and labeled. Detecting in 2130 may be more than a binary process of 
selecting whether an eye or a face is detected or not. It may also be designed 
as part of a process where each of the eyes or faces is given a weight based 
on size of the faces, location within the frame, other parameters described 
herein, etc., which define the importance of the eye or face in relation to other 
eyes or faces detected. 

Alternatively, or in addition, the user can manually deselect regions at 
2144 that were wrongly false detected as eyes or faces. Such selection can 
be due to the fact that an eye or face was false detected or when the 
photographer may wish to concentrate on one or two of the eyes or one of the 
faces as the main subject matter and not on other eyes or faces. Alternatively, 
2146, the user may re-select, or emphasize one or more eyes or faces to 
indicate that these eyes or faces have a higher importance in the calculation 
relative to other eyes or faces. This process as defined in 1146, further 
defines the preferred identification process to be a continuous value one as 
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opposed to a binary one. The process can be done utilizing a visual user 
interface or by adjusting the sensitivity of the detection process. 

After the eyes or faces or other scene or image features are correctly 
isolated at 2140, their attributes are compared at 2150 to default values that 
were predefined in 2102. At least one preferred attribute that the process is 
looking for is blinking eyes. Such comparison will determine a potential 
transformation between the two images, in order to reach the same values. 
The image may be disqualified at 2160 if one or more eyes are determined to 
be blinking. The disqualifying may be overridden manually at 21 70 or open 
eye pixels may be substituted from a different image. The transformation may 
be translated to the device rendering parameters, and the image at 2190 may 
be rendered. The process may include a plurality of images. In this case at 
2180, the process repeats itself for each image prior to performing the 
rendering process. A practical example is the creation of a thumbnail or 
contact sheet which is a collection of low resolution images, on a single 
display instance. 

A practical example is that if the eyes or face were too darkly captured, 
the rendering parameters may change the tone reproduction curve to lighten 
the eyes or face. Note that the image attributes are not necessarily only 
related to the eye or face regions, but can also be in relation to an overall tone 
reproduction. 

Figure 18 describes extracting pertinent features of a face, which are 
usually highly detectable. Such objects may include the eyes, 2140, 2160 and 
2240, 2260, and the lips, 2180 and 2280, or the nose, eye brows, eye lids, 
features of the eyes, hair, forehead, chin, ears, etc. The combination of the 
two eyes (or two eyebrows, two ears or two nostrils, etc.) and the center of the 
lips (or nose or chin, etc.) creates a triangle which can be detected not only to 
determine the orientation of the face but also the rotation of the face relative to 
a facial shot. Note that there are other highly detectable portions of the image 
which can be labeled and used for orientation detection, such as the nostrils, 
the eyebrows, the hair line, nose, bridge and the neck as the physical 
extension of the face, etc. In this figure, the eyes and lips are provided as an 
example of such facial features Based on the location of the eyes, if found, 
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and the mouth, the image might ought to be rotated in a counter clockwise 
direction. 

Note that it may not be enough to just locate the different facial 
features, but such features may be compared to each other. For example, the 
color of the eyes may be compared to ensure that the pair of eyes originated 
from the same person. 

Alternatively, the features of the face may be compared with preview 
images. Such usage may prevent a case where a double upper eyelid may be 
mistaken to a semi closed eye. If the software combines the mouth of 21 80 
with the eyes of 2260, 2240 as illustrated at Figure 18, the orientation would 
have been determined as clockwise. In this case, the software detects the 
correct orientation by comparing the relative size of the mouth and the eyes. 
The above method describes exemplary and illustrative techniques for 
determining the orientation of the image based on the relative location of the 
different facial objects. For example, it may be desired that the two eyes 
should be horizontally situated, the nose line perpendicular to the eyes, the 
mouth under the nose etc. Alternatively, orientation may be determined based 
on the geometry of the facial components themselves. For example, it may be 
desired that the eyes are elongated horizontally, which means that when fitting 
an ellipse on the eye, such as described in blocs 2140 and 2160, it may be 
desired that the main axis should be horizontal. Similar with the lips which 
when fitted to an ellipse the main axis should be horizontal. Alternatively, the 
region around the face may also be considered. In particular, the neck and 
shoulders which are the only contiguous skin tone connected to the head can 
be an indication of the orientation and detection of the face. 

FACE (OR OTHER SUBJECT) TRACKING 
Figure 19 illustrates primary subsystems of an image processing 
apparatus including a face tracking system in accordance with another 
embodiment. The solid lines indicate the flow of image data; the dashed line 
indicates control inputs or information outputs (e.g. location(s) of detected 
faces) from a module. In this example an image processing apparatus can be 
a digital still camera (DSC), a video camera, a cell phone equiped with an 
image capturing mechanism or a hand help computer equiped with an internal 
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or external camera. 

A digital image is acquired in raw format from an image sensor (CCD or 
CMOS) 31 05 and an image subsampler 31 1 2 generates a smaller copy of the 
main image. Most digital cameras already contain dedicated hardware 
subsystems to perform image subsampling, for example to provide preview 
images to a camera display. Typically the subsampled image is provided in 
bitmap format (RGB or YCC). In the meantime the normal image acquisition 
chain performs post-processing on the raw image 31 10 which typically 
includes some luminance and color balancing. In certain digital imaging 
systems the subsampling may occur after such post-processing, or after 
certain post-processing filters are applied, but before the entire post- 
processing filter chain is completed. 

The subsampled image is next passed to an integral image generator 
31 15 which creates an integral image from the subsampled image. This 
integral image is next passed to a fixed size face detector 3120. The face 
detector is applied to the full integral image, but as this is an integral image of 
a subsampled copy of the main image, the processing required by the face 
detector is proportionately reduced. If the subsample is one quarter of the 
main image, this implies the involved processing time will be only 25% of what 
would be involved for the full image. 

This approach is particularly amenable to hardware embodiments where 
the subsampled image memory space can be scanned by a fixed size DMA 
window and digital logic to implement a Haar-feature classifier chain can be 
applied to this DMA window. However, this does not preclude the use of 
several sizes of classifier (in a software embodiment), or the use of multiple 
fixed-size classifiers (in a hardware embodiment). The key advantage is that a 
smaller integral image is calculated. 

After application of the fast face detector 3280 any newly detected 
candidate face regions 3141 are passed onto a face tracking module 31 1 1 
where any face regions confirmed from previous analysis 3145 are merged 
with the new candidate face regions prior to being provided 3142 to a face 
tracker 3290. 

In alternative embodiments, sub-sampled preview images for the camera 
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display can be fed through a separate pipe than the images being fed to and 
supplied from the image sub-sampler 3112 and so every acquired image and 
its sub-sampled copies can be available both to the detector 3280 as well as 
for camera display. 

In addition to periodically acquiring samples from a video stream, the 
process may also be applied to a single still image acquired by a digital 
camera. In this case, the stream for the face tracking comprises a stream of 
preview images and the final image in the series is the full resolution acquired 
image. In such a case, the face tracking information can be verified for the 
final image. In addition, the information such as coordinates or mask of the 
face may be stored with the final image. Such data for example may fit as an 
entry in the saved image header, for future post processing, whether in the 
acquisition device or at a later stage by an external device. 

When the confidence factor is sufficiently high for a region, indicating 
that at least one face is in fact present in an image frame, the camera 
firmware runs a light-weight face recognition algorithm 3160 at the location of 
the face, for example a DCT-based algorithm. The face recognition algorithm 
3160 uses a database 3161 preferably stored on the camera comprising 
personal identifiers and their associated face parameters. 

In operation, the module 3160 collects identifiers over a series of 
frames. When the identifiers of a detected face tracked over a number of 
preview frames are predominantly of one particular person, that person is 
deemed by the recognition module to be present in the image. The identifier 
of the person, and the last known location of the face, may be stored either in 
the image (in a header) or in a separate file stored on the camera storage 
3150. This storing of the person's ID can occur even when the recognition 
module 31 60 fails for the immediately previous number of frames but for 
which a face region was still detected and tracked by the module 31 1 1 . 

When the image is copied from camera storage to a display or 
permanent storage device such as a PC (not shown), the person's ID's are 
copied along with the images. Such devices are generally more capable of 
running a more robust face detection and recognition algorithm and then 
combining the results with the recognition results from the camera, giving 
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more weight to recognition results from the robust face recognition (if any). 
The combined identification results are presented to the user, or if 
identification was not possible, the user is asked to enter the name of the 
person that was found. When the user rejects an identification or a new name 
is entered, the PC retrains its face print database and downloads the 
appropriate changes to the capture device for storage in the light-weight 
database 3161. 

When multiple confirmed face regions 3145 are detected, the 
recognition module 3160 can detect and recognize multiple persons in the 
image. 

FURTHER ALTERNATIVE EMBODIMENTS 

Multiple images taken at different focal lengths may be used to 
simulate fill-flash (see 2003/0052991 to Stavely et al.). These multiple images 
may be of different sizes, and/or they may misaligned, and/or they may be 
captured outside of a main acquisition process, such that described 
embodiments regarding use of preview/postview images in a camera would 
be advantageous 

A subsampled (or blurred) version of a main image may be used (see 
USP 6,249,315 to Holm), and according to described embodiments above 
subsampled preview images may be used as a reference image. 

A scene may be "sensed" for regional brightness and range to subject 
prior to main image capture (see, e.g., 2001/0031 142 to Whiteside). In 
accordance with certain embodiments, a preview image may be made 
available in a camera which is configured to perform the sensing. 

Digital scene analysis may be performed for brightness adjustment 
(see, e.g., 5,724,456 to Boyack et al.). A system may be provided for 
processing a digital image signal representing an image that contains 
luminance and/or chrominance data. The luminance data may be mapped to 
a tonal reproduction capability of a destination application. An image signal 
may be acquired and the luminance data may be separated from the image 
signal. In accordance with certain embodiment, the image signal that is 
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acquired may include a preview image or other reference image. The image 
signal may be converted and temporarily stored as a pixelated digital image. 
The luminance and chrominance data may be digitally processed. 

Also, features have been described that relate to face tracking. In 
addition, a user may teach a camera by presenting the camera with a view of 
an object, such that the camera may then seek to control a tracking motor so 
as to keep the object in view, and/or a zoom motor such that the size of the 
object with respect to the overall image remains fixed at the region learned by 
the camera. In a further embodiment, a model of a person's head may be 
provided such that the camera can correctly identify the head, or others like it, 
within it's field of view. Thus the device seeks to maintain a lock on a target. 
Such may be performed mechanistically or according to software and/or 
firmware provided within the camera. Advantageously, multiple targets such 
as multiple faces or facial regions may be tracked and/or zoomed, and 
preferably digitally enhanced, e.g., in view of aesthetic considerations. 



ALTERNATIVE EMBODIMENTS 



A digital image processing method may include capturing, on a hand- 
held or otherwise portable or spatial or temporal performance-based image 
capture device, an original main image and one or more reference images 
having a temporal or spatial overlap or proximity with the original image, or 
combinations thereof. The method may include in general the ability to obtain 
supplemental or complementary data, such as visual information to the 
captured image, using a reference image. In one embodiment, such data 
analysis includes assessing on the device that the original main image has 
one or more defects or otherwise sub-optimal characteristics. Information, 
image data or meta data, or combinations thereof, of the one or more 
reference images relating to the one or more defects or otherwise sub-optimal 
characteristics of the original main image may be analyzed on the device. 
The one or more defects or other sub-optimal characteristics in the original 
main image may be corrected on the device based on the information, image 
data or meta data, or combinations thereof, of the one or more reference 
images. Thus, a modified image may be created than includes an enhanced 
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version of the original main image. The modified image may be rendered at a 
digital rendering device, display or printer, or combinations thereof, or may be 
stored, further processed, transmitted, uploaded, downloaded or projected, as 
output from the image capture device. The correcting of the one or more 
defects or other sub-optimal characteristics of the original main image based 
on the one or more reference images may produce at the device or on an 
external device the modified image from the original main image in real-time 
with spatial economy and performance efficiency. 

The original main image and at least one reference image may include 
flash and non-flash versions of a substantially same scene. The original main 
image may be segmented into foreground and background regions, at least 
one of which may be modified based on the one or more reference images. A 
region containing a face may be detected within the original main image, and 
the face region may be modified based on the one or more reference images. 
A red-eye defect may be corrected within the face region of the original main 
image. A blur defect may be corrected in the original main image based on 
the one or more reference images. A dust artifact defect may be corrected in 
the original main image based on the one or more reference images. 

A hand-held or otherwise portable or spatial or temporal performance- 
based image capture device may include one or more lenses, and a 
corresponding one or more sensors configured to provide a closely 
overlapping or identical temporal proximity between the acquired image and 
the reference image. Alternatively, the reference image may be acquired 
using the same optical system but at different times, e.g., just before or just 
after acquiring the main image. The device may also include an aperture and 
a photodetector for capturing the original main image and the one or more 
reference images, as well as a processor, and one or more processor- 
readable media having embedded therein programming code for the 
processor to perform a digital image processing method as described above 
or below herein. 

While an exemplary drawings and specific embodiments of the present 
invention have been described and illustrated, it is to be understood that that 
the scope of the present invention is not to be limited to the particular 
embodiments discussed. Thus, the embodiments shall be regarded as 
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illustrative rather than restrictive, and it should be understood that variations 
may be made in those embodiments by workers skilled in the arts without 
departing from the scope of the present invention as set forth in the claims 
that follow and their structural and functional equivalents. 

In addition, in methods that may be performed according to the claims 
below and/or preferred embodiments herein, the operations have been 
described in selected typographical sequences. However, the sequences 
have been selected and so ordered for typographical convenience and are not 
intended to imply any particular order for performing the operations, unless a 
particular ordering is expressly provided or understood by those skilled in the 
art as being necessary. 

In addition, all references cited herein, as well as the background, 
invention summary, abstract and brief description of the drawings, are 
incorporated by reference into the detailed description of the preferred 
embodiments as disclosing alternative embodiments, including: 

US patents nos. RE33682, RE31370, 4,047,187, 4,317,991 , 4,367,027, 
4,448,510,4,638,364, 5,291,234, 5,488,429, 5,638,136, 5,710,833, 
5,724,456, 5,781,650, 5,805,727, 5,812,193, 5,818,975, 5,835,616, 
5,870,138, 5,900,909, 5,949,904, 5,978,519, 5,991,456, 6,035,072, 
6,097,470, 6,101,271, 6,125,213, 6,128,397, 6,148,092, 6,151,073, 
6,160,923, 6,188,777, 6,192,149, 6,233,364, 6,249,315, 6,263,113, 
6,266,054, 6,268,939, 6,282,317, 6,298,166, 6,301,370, 6,301,440, 
6,332,033, 6,393,148, 6,404,900, 6,407,777, 6,421,468, 6,438,264, 
6,456,732, 6,459,436, 6,473,199, 6,501,857, 6,504,942, 6,504,951, 
6,516,154, 6,526,161, 6,614,946, 6,621,867, 6,661,907, 6,747,690, 
6,873,743, 6,965,684, 7,031,548, and 7,035,462; 

US published patent applications nos. 2001/0031142, 2002/0051571, 
2002/0090133, 2002/0102024, 2002/0105662, 2002/0114535, 2002/0176623, 
2002/0172419, 20020126893, 2002/0102024, 2003/0025812, 2003/0039402, 
2003/0052991, 2003/0071908, 2003/0091225, 2003/0193604, 2003/0219172, 
2004/0013286, 2004/0013304, 20040037460, 2004/0041 121 , 2004/0057623, 
2004/0076335, 2004/01 19851 , 2004/0120598, 2004/0223063, 2005/0031224, 
2005/0041121, 2005/0047655, 2005/0047656, 2005/0068446, 2005/0078173, 
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2005/0140801, 2005/0147278, 20050232490, 2006/0120599, 2006/0039690, 
2006/0098237, 2006/0098890, 2006/0098891 , 2006/0140455, 2006/0204055, 
2006/0204110, 2006/0285754, and 2007/0269108 

US patent application no. 1 1/764,339; 

Japanese patent application no. JP5260360A2; 

British patent application no. GB0031 423.7; 

Published PCT application no. WO-03/019473; 

PCT Applications Nos. PCT/EP2004/008706, and 
PCT/EP2004/010199; 
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What is claimed is 

1 . A digital image processing method for detecting and correcting visual 
imperfections using a reference image, comprising: 

(a) capturing, on a hand-held or otherwise portable or spatial or 
temporal performance-based image capture device, an main image and one 
or more reference images having a temporal or spatial overlap or proximity 
with the main image, or combinations thereof; 

(b) analyzing on the device the one or more reference images for 
enhancing the main image; 

(c) correcting on the device one or more defects or other sub-optimal 
characteristics in the main image based on the analyzing of the one or more 
reference images to create a modified image comprising an enhanced version 
of the main image; and 

(d) displaying, printing, transmitting, or storing the modified image or a 
further processed version thereof; 

(e) whereby the correcting on the device of the one or more defects of 
other sub-optimal characteristics of the main image based on the analyzing of 
the one or more reference images produces at the device an enhanced main 
image from an original image in real-time with spatial economy and 
performance efficiency. 

2. The method of claim 1 , wherein the main image and at least one reference 
image comprise flash and non-flash versions of a substantially same scene. 

3. The method of claim 1 , wherein at least one reference image comprises a 
hi-speed capture to freeze motion of a substantially same scene as captured 
in the main image, and said one or more defects comprise a motion defect. 

4. The method of claim 1 , wherein at least one reference image comprises an 
infra-red version of substantially the same scene as captured in the main 
image to enhance heat emitting objects in the frame. 



73 



WO 2008/157792 



PCT/US2008/067746 



5. The method of claim 1 , wherein the main image and at least one reference 
image comprise different focal distances. 

6. The method of claim 1 , wherein the one or more reference images 
comprise a plurality of images organized as a video clip. 

7. The method of claim 1, further comprising segmenting the main image into 
foreground and background regions, and modifying one of the foreground and 
background regions based on the one or more reference images while not 
similarly modifying the other of the foreground and background regions. 

8. The method of claim 1, further comprising detecting a region containing a 
face within the original main image, and modifying the face region based on 
the one or more reference images. 

9. The method of claim 8, further comprising correcting a red-eye defect 
within the face region of the main image based on the one or more reference 
images. 

1 0. The method of claim 8, further comprising correcting a blink within the 
face region of the main image. 

1 1 . The method of claim 8, further comprising changing a facial expression 
within the face region of the main image. 

12. The method of claim 1 , further comprising correcting a blur defect in the 
main image based on the one or more reference images. 

1 3. The method of claim 1 2, wherein said blur defect comprises a blur defect 
caused by an incorrect depth of field. 

14. The method of claim 12, wherein said blur defect comprises a blur defect 
caused by motion during image capture. 
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15. The method of claim 1 , wherein the one or more reference images are 
captured using one or more different capture parameters than the main 
image. 

16. The method of claim 15, wherein the one or more different capture 
parameters include exposure time, dynamic range, contrast, sharpness, color 
balance, or white balance, or combinations thereof. 

17. The method of claim 1, wherein the main image is captured using a 
primary optical system while the one or more reference images are captured 
using a secondary optical system differing from the primary optical system in 
focal length, depth of field, depth of focus, exit pupil, entry pupil, aperture, or 
lens coating or other optical parameter of a designed lens, or combinations 
thereof, 

18. The method of claim 1 , wherein the one or more reference images 
include at least one reference image that includes only one or more sub- 
component features of an overall scene captured in the main image. 

1 9. The method of claim 1 8, wherein the one or more sub-component 
features comprise a center of the overall scene captured in the main image. 

20. The method of claim 18, wherein the one or more sub-component 
features comprise a face, faces, or region or regions of a face or faces 
captured in the main image. 

21 . The method of claim 18, wherein the one or more sub-component 
features comprise a foreground region of the overall scene captured in the 
main image. 

22. A hand-held or otherwise portable or spatial or temporal performance- 
based image capture device, comprising: 

(a) one or more lenses, one or more apertures and one or more 
sensors for capturing a main image and one or more reference images, 
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wherein the capturing of the one or more reference images has a temporal or 
spatial overlap or proximity or combinations thereof, with the capturing of the 
main image; 

(b) a processor; 

(c) one or more processor-readable media having embedded code 
therein for programming the processor to perform a digital image processing 
method that comprises: 

(i) analyzing on the device the one or more reference images for 
enhancing the main image; 

(iii) correcting on the device one or more defects or other sub- 
optimal characteristics in the main image based on the analyzing of the one or 
more reference images to create a modified image comprising an enhanced 
version of the original main image; and 

(iii) displaying, printing, transmitting, or storing the modified 
image or a further processed version thereof; 

(iv) whereby the correcting on the device of the one or more 
defects of other sub-optimal characteristics of the main image based on the 
analyzing of the one or more reference images produces at the device an 
enhanced main image from an original image in real-time with spatial 
economy and performance efficiency. 

23. The image capture device of claim 22, wherein the main image and at 
least one reference image comprise flash and non-flash versions of a 
substantially same scene. 

24. The image capture device of claim 23, wherein the method further 
comprises segmenting the main image into foreground and background 
regions, and modifying one of the foreground and background regions based 
on the one or more reference images while not similarly modifying the other of 
the foreground and background regions. 

25. The image capture device of claim 22, wherein the method further 
comprises detecting a region containing a face within the main image, and 
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modifying the face region based on the analyzing of the one or more 
reference images. 

26. The image capture device of claim 25, wherein the modifying comprises 
correcting a red-eye defect within the face region of the main image. 

27. The image capture device of claim 25, wherein the method further 
comprises correcting a blink within the face region of the main image. 

28. The image capture device of claim 25, wherein the method further 
comprises changing a facial expression within the face region of the main 
image. 

29. The image capture device of claim 22, wherein the method further 
comprises correcting a blur defect in the main image based on the analyzing 
of the one or more reference images. 

30. The image capture device of claim 29, wherein said blur defect comprises 
a blur defect caused by incorrect depth of field. 

31 . The image capture device of claim 29, wherein said blur defect comprises 
a blur defect caused by motion during image capture. 

32. The image capture device of claim 22, wherein at least one reference 
image comprises a hi-speed version to freeze motion of a substantially same 
scene a captured in the main image. 

33. The image capture device of claim 22, wherein at least one reference 
image comprises an infra-red version of substantially the same scene to 
enhance heat emitting objects in the frame. 

34. The image capture device of claim 22, wherein the main image and at 
least one reference image comprise different focal distances. 
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35. The image capture device of claim 22, wherein the one or more reference 
images comprises a plurality of images organized as a video clip. 

36. A hand-held or otherwise portable or spatial or temporal performance- 
based image capture device, comprising: 

(a) one or more lenses, one or more apertures and one or more 
sensors for capturing a main image and one or more reference images, 
wherein the capturing of the one or more reference images has a temporal or 
spatial overlap or proximity or combinations thereof, with the capturing of the 
main image, or combinations thereof, and the one or more reference images 
are captured using one or more different capture parameters than the main 
image; 

(b) a processor; 

(c) one or more processor-readable media having embedded code 
therein for programming the processor to perform a digital image processing 
method that comprises: 

(i) analyzing on the device the one or more reference images for 
enhancing the main image; 

(iii) correcting on the device one or more defects or other sub- 
optimal characteristics in the main image based on the analyzing of the one or 
more reference images to create a modified image comprising an enhanced 
version of the main image; and 

(iii) displaying, printing, transmitting, or storing the modified 
image or a further processed version thereof; 

(iv) whereby the correcting on the device of the one or more 
defects of other sub-optimal characteristics of the main image based on the 
analyzing of the one or more reference images produces at the device an 
enhanced main image from an original image in real-time with spatial 
economy and performance efficiency. 

37. The device of claim 36, wherein the one or more different capture 
parameters include exposure time, dynamic range, contrast, sharpness, color 
balance, or white balance, or combinations thereof. 
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38. A hand-held or otherwise portable or spatial or temporal performance- 
based image capture device, comprising: 

(a) one or more lenses, one or more apertures and one or more 
sensors for capturing a main image and one or more reference images, 
wherein the capturing of the one or more reference images has a temporal or 
spatial overlap or proximity or combinations thereof, with the capturing of the 
main image, or combinations thereof, and the main image is captured using a 
primary optical system while the one or more reference images are captured 
using a secondary optical system differing from the primary optical system in 
focal length, depth of field, depth of focus, exit pupil, entry pupil, aperture, or 
lens coating or other optical parameter of a designed lens, or combinations 
thereof, 

(b) a processor; 

(c) one or more processor-readable media having embedded code 
therein for programming the processor to perform a digital image processing 
method that comprises: 

(i) analyzing on the device the one or more reference images for 
enhancing the main image; 

(iii) correcting on the device one or more defects or other sub- 
optimal characteristics in the main image based on the analyzing of the one or 
more reference images to create a modified image comprising an enhanced 
version of the main image; and 

(iii) displaying, printing, transmitting, or storing the modified 
image or a further processed version thereof; 

(iv) whereby the correcting on the device of the one or more 
defects of other sub-optimal characteristics of the main image based on the 
analyzing of the one or more reference images produces at the device an 
enhanced main image from an original image in real-time with spatial 
economy and performance efficiency. 

39. A hand-held or otherwise portable or spatial or temporal performance- 
based image capture device, comprising: 

(a) one or more lenses, one or more apertures and one or more 
sensors for capturing a main image and one or more reference images, 
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wherein the capturing of the one or more reference images has a temporal or 
spatial overlap or proximity or combinations thereof with the capturing of the 
main image, wherein the one or more reference images include at least one 
reference image that includes only one or more sub-component features of an 
overall scene captured in the main image; 

(b) a processor; 

(c) one or more processor-readable media having embedded code 
therein for programming the processor to perform a digital image processing 
method that comprises: 

(i) analyzing on the device the one or more reference images for 
enhancing the main image; 

(iii) correcting on the device one or more defects or other sub- 
optimal characteristics in the main image based on the analyzing of the one or 
more reference images to create a modified image comprising an enhanced 
version of the main image; and 

(iii) displaying, printing, transmitting, or storing the modified 
image or a further processed version thereof; 

(iv) whereby the correcting on the device of the one or more 
defects or other sub-optimal characteristics of the main image based on the 
analyzing of the one or more reference images produces at the device an 
enhanced main image from an original image in real-time with spatial 
economy and performance efficiency. 

40. The device of claim 39, wherein the one or more sub-component features 
comprise a center of the overall scene captured in the main image. 

41 . The device of claim 39, wherein the one or more sub-component features 
comprise a face, faces, or region or regions of a face or faces captured in the 
main image. 

42. The device of claim 39, wherein the one or more sub-component features 
comprise a foreground region of the overall scene captured in the main 
image. 
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43. A hand-held or otherwise portable or spatial or temporal performance- 
based image capture device, comprising: 

(a) one or more lenses, one or more apertures and one or more 
sensors for capturing a main image and one or more reference images, 
wherein the capturing of the one or more reference images has a temporal or 
spatial overlap or proximity or combinations thereof with the capturing of the 
main image; 

(b) a processor; 

(c) one or more processor-readable media having embedded code 
therein for programming the processor to perform a digital image processing 
method that comprises: 

(i) storing the one or more reference images with main image 
data for post-processing enhancement of the main image; 

(iii) correcting one or more defects or other sub-optimal 
characteristics in the main image based on analyzing the one or more 
reference images to create a modified image comprising an enhanced version 
of the main image; and 

(iii) displaying, printing, transmitting, or storing the modified 
image or a further processed version thereof; 

(iv) whereby the correcting of the one or more defects or other 
sub-optimal characteristics of the main image based on the analyzing of the 
one or more reference images in post-processing produces an enhanced 
main image from an original image. 

44. The device of claim 43, wherein said one or more reference images 
comprise a reference image including an eye region, and said correcting 
comprises replacing a corresponding eye region of the main image with said 
eye regions of said reference image. 

45. The device of claim 44, wherein said eye region in the main image that is 
replaced is determined to be closed or semi-closed. 

46. The device of claim 45, wherein said reference that comprises said eye 
region is captured a fraction of a second before or after a blinking action. 
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47. The device of claim 43, wherein the one or more reference images 
comprise data of a region of interest (ROI) at a same or higher resolution as 
said main image. 

48. The device of claim 47, wherein the ROI includes an eye region. 

49. The device of claim 48, wherein said eye region is captured a fraction of a 
second before or after a blink appearing in the main image. 

50. The device of claim 47, wherein the ROI includes a mouth region. 

51 . The device of claim 50, further comprising determining that said mouth 
region has a better smile than a corresponding mouth region in the main 
image, and replacing the mouth region in the main image with the mouth 
region of the one or more reference images. 

52. The device of claim 51 , wherein said mouth region of said one or more 
reference images is captured a fraction of a second before or after said main 
image. 
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